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NOTICE TO AUTHORS OF PAPERS 


M —All manuscripts submitted to the 
Editor or presented to the Sections of the Assoctra- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 250 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be numbered consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 

Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 


of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
sum of conclusions and recommendations. 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of JOURNAL. 

In preparing manuscripts for publication in Turs 
JouRNAL, center headings should be avoided as far 
as possible. Side headings followed by a period 
and dash should be indented and run into the part 
of the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with “a” and continuing in natural order. 
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Literature citations should be grouped at the end of 
the manuscript under the heading “References.” 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its “List of Periodicals Ab- 
stracted.” The sequence followed in the citations 
must be as follows: 

(1) Doe, J. B., Am. J. Physiol., 79, 289(1927). 

References to books should be in the order given, 
(1) author’s surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, 
and (8) page number. A complete book reference 
may be illustrated as follows: 

(1) Gilman, H., “Organic Chemistry,” Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 
1236, 1252. 

Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the 
beginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5 cc., ete. 
The forms to be used are: ce., Kg., Gm., mg., mm., 
em., and L 

Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 
width should be accentuated where possible. 

Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 


Vol. XL, No 9 


cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should 
be placed below the diagram (not on it), or, if 
lengthy, collected on a separate typewritten list, 
identifying each by its proper figure number and 
including whatever acknowledgments are necessary. 
Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indenta- 
tion in the photograph. All drawings and photo- 
graphs should be protected from bending and from 
the chance of having their edges torn while in tran- 
sit. Do not write on the back of a photograph. 
Any indentation in the photograph, however 
slight, will be likely to show as a blemish in the 
reproduction. All figures submitted must be referred 
to in the text of the manuscript, and should be 
numbered consecutively with Arabic numerals, 
e.g., Fig. 1, Fig. 2, etc. Kymograph tracings should 
not be submitted with the original experimental 
legends which are likely to have been hastily or 
carelessly inscribed. Authors may find it worth 
while to employ a professional draftsman to make 
the drawings in proper form for reproduction. 
Tables.—Tables should be carefully constructed 
so that the data presented may be understood 
easily. The indiscriminate use of tables should be 
avoided. Tables should be constructed so as to 
occupy fully a single column (2.75") which will 
take about 40-50 characters and spaces. Tables 
which require two columns are also acceptable. 
Interpretative statements should not be written on 
the body of a table but should be explained in 
footnotes. Column heads should be made as small 
as possible and standard abbreviations should be 
used liberally. Data which may easily be deduced 
by simple arithmetic from data in another column 
should not be included. All tables should be referred 
to in the text of the manuscript. Every table and 
every column should be supplied with an appropriate 
heading. It is not necessary to place tables on separ- 
ate sheets, and in fact it is preferable to intersperse 
them in the manuscript. Tables should be numbered 
consecutively using Roman numerals. The table 
number and the title should be placed in a continuous 
heading above the data presented. The preparation 
of a clear and concise table of data requires much 
planning and infinite care. 
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Pyrogenic Preparations 


from Various Bacterial Species*? 


By LEONARD G. GINGER, N. M. 


NESSET, BYRON RIEGEL, 


and EDWARD J. FITZSIMONS 


Essential differences in the biolo ve activity 

and chemical composition of pyrogenic 

repared from five species of 

shown. Particular attention is 

devoted to the significance of the total pyro- 

genic polysaccharide content of each concen- 

trate, as well as to the amount of reducing 
sugar, hexosamine and no: ucing 

hydrate which it contains. 


OGENIC CONCENTRATES have been pre- 
pared from Escherichia coli, Salmonella typhi, 
Bacillus subtilis, Serratia marcescens, and Proteus 
vulgaris by a uniform method similar to that 
described for a Pseudomonas species (1). A de- 
tailed comparison of the chemical composition 
and biological activity of these pyrogenic con- 
centrates has been made. 

Pyrogenic preparations from these bacterial 
species have been described by other investi- 
gators (2-21). The work in this field has been 
reviewed by Co Tui (22) and by Bennett and 
Beeson (23). A direct comparison of the chemi- 
cal and biological properties of such preparations 
is not practical because the conditions for growth 
of the organisms and the techniques employed in 
isolating the active materials were not uniform. 


* Received May 3, 1951, from the Research Laboratories, 
Baxter Laboratories. Inc., Morton Grove, Ill, and the 
Chemical Laboratory, Northwestera University, Evanston, 

+t The present report is part of a cooperative investigation 
of pyrogens. The work at Northwestern University has been 
supported by funds provided by the Baxter Laboratories. 


The essential question of whether pyrogens from 
various bacterial species are the same or different 
has not been answered 

The method of tryptic digestion, which was 
employed in this study in obtaining pyrogenic 
concentrates, did not yield preparations free 
from all extraneous materials; however, it did 
provide similarly prepared materials for com- 
parison. The evidence indicates that there are 
differences in the biological activity of the five 
concentrates included in this study which are 
probably related to inherent differences in the 
composition of the pyrogenic polysaccharides. 


EXPERIMENTAL! 


Cultivation of Organisms.—The following bac- 
teria from the American Type Culture Collection 
were used in this investigation: Z. coli (A.T.C.C. 
No. 8739), S. typhi (A.T.C.C. No. 6539), B. subtilis 
(A.T.C.C. No. 6633), S. marcescens (A.T.C.C. No. 
9986), and Pr. vulgaris (A.T.C.C. No. 6380). The 
cells were grown and collected in the manner de- 
scribed previously for a Pseudomonas species (1), ex- 
cept that inocula of 200 ml. of twenty-four-hour 
cultures were added to 15 L. of broth. Four of the 
bacterial species were grown on Difco nutrient broth. 
Pr. vulgaris, however, was grown on a broth con- 
taining 5% protein hydrolysate and 0.5% glucose. 


1 The authors wish to acknowledge the technical assistance 
of Paul Z. Anthony, Walter Kuhn, Richard Lamey, James 
McLallen, and Mary M. Neal. 
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TABLE I.—QUANTITATIVE CoMPOSITION STUDY 
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Preparation of Concentrates.—The various cellu- 
lar materials were subjected to digestion with tryp- 
sin to degrade the cellular proteins (1). Concen- 
trates were obtained in 25-35% yields from E. coli, 
S. marcescens, and Pr. vulgaris cells, while S. typhi 
and B. subtilis cells gave 45-55% yields of concen- 
trate. 

Composition.—The cellular materials and their 
corresponding concentrates were analyzed for 
desoxyribonucleic acid (DNA), ribonucleic acid 
(RNA), hexosamine, total nitrogen, protein or 
nitrogenous residues, free lipid, ash, and pyrogenic 
polysaccharides, using previously described meth- 
ods (1). Comparative results for representative 
cellular materials and their corresponding concen- 
trates are presented in Table I. 

The nitrogen in the cellular materials attribut- 
able to DNA, RNA, and hexosamine was computed 
and summed. It was assumed that the nitrogen in 
the cells, not assignable to these three nitrogenous 
substances, represents protein nitrogen. Compu- 
tation gave the values shown in Table I for the pro- 
tein content of the cells. 

‘The DNA, RNA, and hexosamine do not account 
for all of the nitrogen in the concentrates. The 
presence of nitrogenous residues, at least partially 
of a peptide nature, is indicated. Positive biuret 
reactions have confirmed the presence of such pep- 
tide linkages. The amount of these nitrogenous 
residues in the concentrates (Table I) was com- 
puted from the nitrogen not attributable to DNA, 
RNA, or hexosamine. 

The known components for the cells and concen- 
trates were totaled, excluding total nitrogen, since 
this is already included in the nitrogenous com- 
ponents (Table I). The difference between each 


sum obtained and 100% represents unclassi- 
fied polysaccharide. The hexosamine which is 
liberated upon hydrolysis is probably an essential 
unit in the pyrogenic polysaccharide. Therefore, 
its value has been added to the unclassified poly- 
saccharide to give a value representative of the total 
amount of pyrogenic polysaccharide present. 

The total reducing sugar content (expressed as 
glucose) of the various concentrates was determined 
by the method of Shaffer and Hartman (24). The 
summed contribution of the sugars in the nucleic 
acids and the hexosamine to the total reducing sugar 
(all expressed as glucose) was calculated. These 
values and other characterization data concerning 
the carbohydrates in the concentrates are pre- 
sented in Table II. The difference between the 
value for unclassified reducing sugar and the value 
representing unclassified polysaccharide gives a 
value representative of the nonreducing carbohy- 
drate present. 

Biological Activity.—The minimum pyrogenic 
dose (MPD), a concept introduced by Co Tui, et 
al. (14), was used in comparing the biological ac- 
tivities of the various concentrates. The maximal 
febrile responses which they elicited were deter- 
mined following intravenous administration into 
rabbits by a method described previously (1). At 
least 12, and in some cases as many as 30, rabbits 
were employed at each of a number of dose levels. 
The temperatures were measured with rectal re- 
sistance bulbs and recorded automatically, using a 
15-point Foxboro Rabbit Scanner and Fever Re- 
corder.2) The average maximal temperature re- 


2? Measurements were made by Dr. M. E. Pinkerton o 
Baxter Laboratories, Inc. 


TABLE II.—CHARACTERIZATION OF CARBOHYDRATES IN CONCENTRATES 


S. 


Carbohydrate 
DNA pentose* 
RNA pentose* 
Hexosamine* 
Total classified 
Total reducing sugar* 
Unclassified reducing sugar (C) 
Unclassified polysaccharide (B) 
Nonreducing carbohydrate (B-C) 


Bm 
| 


® Results expressed as glucose. 
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S. typhi B. subtilis 
Conce Concen- 
: Cells trat Cells trate 
Component 
2 Total nitrogen 8.0 7.0 6.2 4.4 
i 19 3.0 0.9 
16.1 10.4 16.5 13.9 
ibe 68.3 56.7 61.9 47.8 
| 31.7 43.3 38.1 52.2 
‘ 35.8 46.0 45.2 63.2 
> 
q 
| 
| 
marcescens % 
0.3 
1.3 
| 12.6 
23.9 
11.3 
52.2 
40.9 
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sponse for each concentrate at each dose level stud- 
ied is shown in Fig. 1. The dosage corresponding 
to the point of intersection of the fever curve for 
each concentrate and the line representing a febrile 
response of 1° F. represents the MPD. It is ap- 
parent that S. typhi concentrate is the most active 
preparation, having a MPD of 0.22 y/Kg. Al- 
most as active are Pr. vulgaris concentrate with a 
MPD of 0.32 y/Kg. and E. coli concentrate with 
a MPD of 0.40 y/Kg. S. marcescens concen- 
trate has aJ/MPD of 0.75 y/Kg., and B. subtilis 
concentrate is much weaker than the other four 
with a MPD of 7.5 y/Kg. 


DISCUSSION 


The preparation of pyrogenic concentrates from 
five bacterial species, by subjecting the cellular 
materials to tryptic digestion, has yielded informa- 
tion that indicates that there are essential differ- 
ences in the chemical composition and biological 
activity of these concentrates. It is readily ap- 
parent (Table I and Fig. 1) that chemically and 
biologically the concentrate prepared from B. sub- 
tilts cells is distinctly different from the concentrates 
prepared from the other four cellular species, which 
differ from each other to a lesser degree. 

At least three possible contaminants are associated 
with the pyrogenic polysaccharides, namely, nu- 
cleic acids, other nitrogenous material (at least par- 
tially of a peptide nature), and free lipid (Table I), 
the latter being present in moderately small quan- 
tity. 

The amount of contaminating nucleic acids in each 
concentrate is related to the initial nucleic acid con- 
tent of the cellular material. Considering the yield 
of each concentrate obtained, very little of the DNA 
is removed in preparing the concentrates, whereas 
this is not so for RNA (Table I). 

The amount of nitrogenous residues present in 
the concentrates varies with the cellular species 
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under consideration. Since the initial protein 
contents of the various cellular materials are simi- 
lar, it appears that the proteins are not degraded to 
the same extent by tryptic digestion, so that the 
amount of nondialyzable peptides remaining as a 
contaminant varies. On the other hand, the pos- 
sibility of the presence of a pol 

acid complex in the concentrates must not be over- 
looked. This would not be a unique finding, since 
Aminoff, Morgan, and Watkins (25), for example, 
have reported that the human blood group A sub- 
stance is an essentially homogeneous mucoid or poly- 
saccharide-amino-acid complex on the basis of 
physical, chemical, and immunological measure- 
ments. Variations in the amounts of the nitro- 
genous residues (Table 1) contained in the concen- 
trates from the various bacterial species could be 
due, at least partially, to the complexing of different 
amounts of amino acids by each polysaccharide 
moiety. 

By making several assumptions, it has been pos- 
sible to compute the amount of pyrogenic poly- 
saccharide present in each of the concentrates stud- 
ied (Table). Pr. vulgaris concentrate was found to 
contain the least amount of pyrogenic polysaccharide 
(35.8%) arid B. subtilis concentrate to contain the 
most (63.2%); however, the former is more active 
biologically. The pyrogenic polysaccharides have 
been shown to consist of hexosamine, an unclassi- 
fied reducing sugar, and a nonreducing fraction. 
These components must be considered in detail in 
attempting to correlate pyrogenicity with quanti- 
tative chemical composition. The hexosamine and 
the unclassified reducing sugar are present in ap- 
proximately a 1:1 ratio in each of the concentrates; 
however, there seems to be no direct correlation be- 
tween the pyrogenicity of tbe four more active con- 
centrates and the hexosamine or the unclassified re- 
ducing sugar contents. S. typhi concentrate, which 
is the most active, has the smallest amount of these 
two components (Table II). This lack of direct 
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Fig. 1.—Relationship between dose level of concentrate and average maximal febrile response in rabbits. 
@, S. typhi; A, Pr. vulgaris; 4, E. coli; O, S. marcescens; (), B. subtilis. 
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correlation is especially apparent when B. subtilis 
concentrate is considered. It has the largest amount 
of hexosamine (11.1%) and unclassified reducing 
sugar (11.3%) of the preparations studied, but it is 
the weakest biologically. There does not seem to 
be a significant correlation between biological ac- 
tivity and nonreducing carbohydrate content, al- 
though the most active concentrate, that from S. ty- 
phi, does have the highest nonreducing carbohy- 
drate content (43.7%). ‘ 


CONCLUSIONS 


The available evidence indicates that there are 
essential differences in the biological activity and 
chemical composition of the five pyrogenic poly- 
saccharides investigated and that it is impossible 
to correlate directly pyrogenicity with existing 
composition data. It is possible that some yet 
undetermined component is responsible for the 
observed differences in biological activity. Simi- 
larly, the nature of the unclassified reducing 
sugar, or the nonreducing carbohydrate, may be 
important. Finally, the possibility that biologi- 
cal activity may be related to differences in 
molecular structure cannot be overlooked. 
Further studies are planned to evaluate these hy- 
potheses. 
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A Colorimetric Method for the 
Estimation of Colchicine* 


By J. STANTON KING, Jr.t 


A colorimetric technique for the 
tive test for colchicine is described. 


neral quantitative adaptation of the Zeisel qualita- 
method involves the conversion of the 


colchicine to colchiceine by acid hydrolysis and subsequent measurement at 
470 mz of the color = when FeCl, is added. The method is rapid, sen- 


sitive, and re producib’ 


T# PURPOSE of this study was to develop a 
rapid and accurate method for the estimation 

of small amounts of colchicine, such as are pres- 

ent in the usual preparations of this drug. 

A qualitative color reaction for the identifica- 
tion of colchicine was discovered by Zeisel (1) 
and has been applied to specific problems (2, 3), 
but was inadequately described and character- 
ized in its more general quantitative applications. 


* Received February 19, 1951, from the Research Labora- 
-“, of The S. E. Massengill Co.. Bristol, Tenn 
The author is indebted to Dr. Georg Cronheim for his 
helpful supervision of this study. 


It has been successfully applied to pharmaceutical mix- 
tures comlaing colchicine. A detailed example of 


such an application is given. 


It was found that the Zeisel reaction is simple 
and reproducible and meets the requirements 
for a practical colorimetric method. It is based 
on the observation that colchiceine, which is 
readily obtained by the acid hydrolysis of colchi- 
cine, forms a jade-green color with ferric chloride, 
which is suitable for quantitative measurement. 

While this study was in progress, another 
colorimetric method for colchicine appeared (4) 
involving a color formation with hydroxylamine 
hydrochloride and sodium hydroxide. The pres- 
ent method is equally as simple and about ten 
times as sensitive. 


| 
a i 


September, 1951 
EXPERIMENTAL 


Reagents.—(a) Ferric chloride, C. P., 5% solu- 
tion in 1.0 N HCl. This need not be a freshly pre- 
pared solution. 

(b) Colchicine. For purification, a chloroform 
solution of the U. S. P. alkaloid was treated with 
Norit A, filtered, an equal volume of ethyl ether 
added, and the alkaloid reprecipitated with petro- 
leum benzin. It melted at 153-155° (uncorr.) after 
drying for three hours at 102°. 

(c) HCI, 1.0 N. 

(d) Chloroform, U.S. P. 


PROCEDURE 


Pure colchicine alkaloid (2.5 mg.) is dissolved in 
25 ml. of 1.0 N HCl in a 125-ml. Erlenmeyer flask. 
A funnel is inserted into the neck of the flask, which 
is then warmed on the steam bath for one hour. 
The flask is removed, cooled to room temperature, 
and the volume made to exactly 25 ml. with 1.0 
N HCl. Graduated amounts containing up to 0.5 
mg. of this solution are made to 5 ml. with 1.0 NV 
HCI, and 0.1 ml. of a 5% solution of FeCl, is mixed 
with each. These solutions are then read in a colorim- 
eter set for maximum transmittance at 470 mu. 
This establishes the standard curve, which follows 
Beer’s law up to 0.5 mg. (Fig. 1).'. Samples of un- 
known colchicine content are run in the same way, 
after separation of interfering materials. 

The following procedure constitutes a specific ex- 
ample of an application of this method to a pharma- 
ceutical product. The preparation was an ampul 
which contained in 20 ml.: 


2.0 Gm. sodium salicylate 
2.0 Gm. sodium iodide 
0.32 Gm. sodium cacodylate 
0.65 mg. colchicine alkaloid 


One normal HCl is added to 20 ml. of the prepa- 
ration until the salicylic acid just begins to precipi- 
tate (about pH 4.2). Water is added to make a 
volume of 40 ml. and the mixture vigorously ex- 
tracted with three 30-ml. portions of chloroform. 
The combined chloroform extracts are washed with 
one 15- and two 10-ml. portions of water to remove 
iodide and cacodylate, and then evaporated to dry- 
ness on the steam bath in a 125-ml. Erlenmeyer 
flask. Eighteen milliliters of 1.0 N HCl are added 
and the procedure completed as for the standard, 
except that, after hydrolysis is complete, the flask 
is allowed to stand in ice water until all excess sali- 
cylic acid has precipitated, and the mixture then fil- 
tered. The filtrate is brought to exactly 20 ml. 
by successive washings of the filter with 1.0 N HCI. 

At this pH and this concentration, the violet iron- 
salicylate color has an optical density at 470 my of 
only about 0.04. 


RESULTS 


The color is formed immediately. Its intensity 
makes it suitable for the identification of as little as 
4 ug. of colchicine on a spot plate. Figure 2 gives 


1 In all this study, except Fig. 3, the Beckman DU Spec- 
trophotometer was used. In Fig. 3 the Coleman Model 1! 
Spectrophotometer was used. 
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Fig. 1.—Standard curve for colchicine. 
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Fig. 2.—Spectral absorption curve for 10 mg. % col- 
chicine (as iron-colchiceine) (I) and FeCl; alone (II) 
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Transmittancy 


' 


Minutes 
Fig. 3.—Hydrolysis rates of colchicine. O—0.1 mg./ml. in 1.0 N HCl; X—0.5 mg./ml. in 0.1 N HCl; 
O—0.1 mg./ml. in 0.1 N HCl. 


the spectral absorption curves for colchiceine and 
for a blank consisting of the FeCl, only, in 1.0 NV 
HCl. It may be seen that at 470 mu the highest 
value is obtained for the difference between sample 
reading and blank reading, and that the maximum 
at 630 mu is considerably lower. Several such read- 
ings at 470 my gave an average specific absorbancy 
( EN%, ) of 85, after subtracting the reading given by 
the FeCl, alone. 

Ferric nitrate is less suitable than ferric chloride, 
because it gives a yellowish-tinged and less intense 
green. 

Experiments showed (Fig. 3) that hydrolysis is 
complete in forty minutes, but that a longer time 
on the steam bath is not detrimental. Hydrolysis 


time is also independent of alkaloidal concentra- 
tion, up to at least 0.5 mg. colchicine per ml. Nei- 
ther the acidity nor the FeCl, concentration have to 
be controlled with great care. The green color 
has good light-, time-, and acid-stability. These 
facts facilitate easy reproducibility. A colchiceine 
solution of 0.1 mg./ml. in 1 N HCl gave the same 
reading after seven weeks when ferric chloride was 
added. 

To gain a better conception of the sensitivity of 
the method, solutions containing from 10 to 100 ug. 
of colchicine, as colchiceine, in 3.0 ml. of 1.0 N HCl 
had 0.1 ml. of 5% FeCl, added and the resultant 
color read. The results (Table I) indicate the pre- 
cision of the method on a micro scale to be approxi- 
mately +1 wg. 
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mys 
Fig. 4.—Spectral absorption curves for 0.75 ms. faa in water (II) and 0.75 mg. % colchiceine in 
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I.—Oprticat Density READINGS AT 470 Mu TABLE II. —RECOVERIES IN % 


FOR CoLcHICcINE (AS IRON-COLCHICEINE) 


wg. Colchicine 
in 3 Mi. 


Interference in the present method could reason- 
ably be expected from any phenols or enols capable 
of reacting like colchicine with FeCl, or from other 
CHCl,-extractable, acid-stable substances absorb- 
ing light at 470 mu. However, in several of the usual 
colchicine preparations tested, no such interference 
was encountered which could not be overcome by 
the procedure described or some simple modification 
of it. 

Before hydrolysis is begun, an aliquot of the iso- 
lated alkaloid should be tested for colchiceine (5) 
to be sure none is initially present as an impurity. 

Extraction of colchicine from weakly alkaline 
solutions by chloroform is poor (Table II), but re- 
covery is quantitative from acid solutions. In the 
presence of salicylate, a common ingredient in phar- 
maceutical preparations containing colchicine, there 
is an apparent recovery of only 70-80% with either 
three or six 30-ml. chloroform extractions. Although 
the reason for this is not presently clear, the re- 
covery can be made quantitative by adding sodium 
chloride or sodium iodide to the mixture. These 
salts do not contribute any color in the procedure. 

Typical results (in per cent of labeled amount) of 
assays of ampul preparations of the sort given in 
the procedure above were: 98, 97, 100, 95, and 107. 
These figures represent a variety of batches and 
manufacturers. 


SUMMARY 


A colorimetric technique for the general quan- 
titative adaptation of the Zeisel test for colchi- 
cine is described. This method is rapid and ac- 
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or 2 Mc. CoLcuicine 
FrrRoM 40 ML. Agueous VoLume By THREE 30-ML. 
CHLOROFORM EXTRACTIONS 


Colchicine 
a _with Colchicine with 
Alone Colchicine “doe Salicylate (10%) 
Weakly Alone and Sodiu 
(10%) 


Alkaline Acid 
Soln. Soln. Sol. Aci 

72 100 

77 100 104 


78 98 95 
98 96 
98 


Six extractions. 


curate, and is suitable for microanalytical appli- 
cation. 

The procedure has been successfully applied to 
pharmaceutical mixtures containing colchicine. 
A detailed example of such an application is 
given. 


ADDENDUM 


While direct measurement of colchicine absorp- 
tion in the ultraviolet region is more sensitive, it 
is too susceptible to interference from other in- 
gredients in a mixture. The ultraviolet absorp- 
tion curve is nearly the same for colchicine and 
for colchiceine. Using a hydrolyzed and un- 
drolyzed 0.75 mg. per cent solution of colchicine, 
curves (Fig. 4) were obtained for colchicine in 
water and colchiceine in 1.0 N HCI. 
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Phagocyticidal and Antibacterial Action of 
Boric Acid*i 


By MILAN NOVAK and WELTON I. TAYLOR 


Experiments in vitro at temperatures of 37° 
or 40° indicate that boric acid in concentra- 
tions higher than 2 per cent inhibits phago- 
cytosis. No inhibition is demonstrated 

boric acid in concentrations below 2 per 
cent at these same temperatures. Several sug- 
gestions and recommendations relative to 
the clinical use of boric acid and based 

on these findings are made. 


Bos AciD has become a commonly employed 
antiseptic agent in certain clinical condi- 
tions through the medium of clinical evaluation 
alone. Its use was introduced by Godlee in 
1873 as a companion drug to Lister’s use of car- 
bolic acid (1). Perhaps this association in a pre- 
bacteriological era explains its wide acceptance 
in clinical use, as well as the lack of any signifi- 
cant number of accurate laboratory studies on 
its comparative value as a germicide and as a 
topically toxic agent to tissue cells. 
Recent reports on the systemic toxicity of boric 


acid when taken accidently by the oral route 
and the introduction of newer antibacterial 


agents including sulfonamides, antibiotics, and 
quaternary compounds has re-en.phasized a need 
for the scientific evaluation of its tissue toxicity 
and action as a germicide. To this end we have 
directed our laboratory studies and have arrived 
at some practical suggestions and conclusions. 


MATERIALS AND METHODS 


Blood was drawn aseptically from healthy adult 
male donors in approximately 15-ml. amounts and 
shaken for fifteen minutes in sterile 50-ml. Erlen- 
meyer flasks containing 30 to 50 glass beads to de- 
fibrinate. Sterile (supersaturated where necessary) 
boric acid solutions in saline were added to chemi- 
cally clean 10 x 75-mm. test tubes in 0.5-ml. 
amounts. The addition of 0.5-ml. amounts of 
freshly defibrinated whole blood to these tubes 
then yielded boric acid concentrations of 4.8, 3.6, 
2.4, 1.2, 0.6, 0.3, 0.15%, and a control set having 
sterile saline instead of boric acid. The tubes were 
corked tightly with size 1 corks which had been 
soaked in distilled water for seventeen days with 
daily or twice daily changes of water to remove 
acids which interfere with phagocytosis. These 
tubes in duplicate were then placed on a metal disk 
8 in. in diameter which had channels soldered on to 


* Received March 28, 1951, from the Department of Bac- 
teriology, University of Illinois, College of Medicine. 

t Prepared under the auspices of the Therapeutic Re- 
search Foundation, 810 Eighteenth Street, N. W., Washing- 


ton 6, D.C. 


act as racks for the test tubes. The disk with the 
affixed tubes was then put on the drive shaft of a 
'/e-hp. electric motor with a 288 : 1 reduction gear 
ratio fastened to a ringstand with a C clamp so that 
the extended drive shaft entered the 26-L. water 
bath at approximately a 40° angle and the disk and 
tubes were immersed. A switch box with rheostat 
completed the equipment and allowed the disk to be 
rotated at 12 r. p. m. to secure adequate mixing of 
the blood and boric acid solutions. This method is 
adapted from that of Welch and Hunter (2), as 
modified and illustrated by Hanson (3). 

The tubes were rotated in a constant temperature 
(+1°) water bath for thirty minutes, at which time 
they were removed and 0.2 ml. of a suspension of 
Micrococcus pyogenes var. albus' which was easily 
phagocytized was added. The concentrations then 
became 4, 3, 2, 1, 0.5, 0.25, 0.125, and 0% boric acid. 
The time required for this step was about twenty 
minutes. The tubes were replaced, immersed, and 
rotated in the water bath for an additional fifteen 
minutes. Upon removal, phagocytosis was halted 
by running cold tap water over the tubes while 
agitating them for five minutes. 

The cocci used were grown on nutrient agar 
slants for forty-eight hours, washed off with sterile 
distilled water, adjusted to the density of a BaSO, 
nephelometer tube No. 1 with a Coleman Junior 
Spectrophotometer, and kept refrigerated at 4° 
when not in use. The same suspension was used 
for all experiments over the period of a month. 

After chilling the tubes, a drop of the blood mix- 
ture was placed on the end of a clean microslide 
with a Wright’s pipette, and routine thick smears 
were made. Wright's stain was used. One hun- 
dred polymorphonuclear neutrophils were observed 
on each slide and the degree of phagocytosis was 
noted according to the following scale: 0-5 cocci 
ingested by the PMN was considered negative 
(since cocci on or below the cell seem to be within); 
6-20 cocci, slight; 21-40 cocci, moderate; 41 or 
more cocci, maximal phagocytosis. 

The experiments were performed at three temper- 
atures, 34, 37, and 40°, to correspond roughly to the 
temperature of the skin, normal body temperature, 
and in febrile patients, respectively. Blood from 
three different donors was used at each temperature 
and at all concentrations. Each such experiment 
was carried out in duplicate. 

Some indication of the effect of boric acid concen- 
trations on the organism used in the phagocytosis 
experiments was desirable, so the following experi- 
ment was performed. 

Wassermann tubes containing 2 ml. of double 
strength brain-heart infusion broth and 2 ml. of 
sterile boric acid in saline of such strength (super- 
saturated where necessary) as to make final con- 


' Originally isolated from skin of a patient. 
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centrations comparable to those in phagocytosis 
experiments received 0.8 ml. of a twenty-one-hour 
brain-heart infusion broth culture of M. pyogenes 
var. albus. The tubes, which had been warmed 
previously to 37°, were incubated for thirty minutes 
at 37°. Duplicate sets of brain-heart infusion agar 
plates were poured using 1 ml. of the cultures. 
Plates were incubated at 37° and read at forty- 
eight hours. Results are shown in Table I. 


TABLE I.—Errect A THIRTY-MINUTE EXPOSURE 
oF M.PyOGENES VAR. ALBUSTO Boric Acip SOLUTIONS 


Boric Acid, -——Plate Counts—— Av. 
Set Counts 


22 


RESULTS 


Results of the averages of 600 phagocytes from 
three donors in duplicate at each of the temperatures 
at which experiments were performed are shown in 
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Fig. 1.—Effect of temperature on phagocytosis. 
O, 37°, @ 40°, 0, 34°. 


The degree of phagocytosis with respect to rela- 
tive numbers of cocci ingested at 37° is represented 
by Fig. 2. Phagocytosis at 40° is illustrated by 
Fig. 3. Phagocytosis at 34° is shown in Fig. 4. 
Each of these represents averages of 600 phagocytes 
per boric acid concentration from three donors, 
except as footnoted. The greatest number of cocci 
were ingested at 40°, somewhat fewer at 37°, and 
considerably fewer at 34°. 


DISCUSSION 


The action of phagocytes is not inhibited or stimu- 
lated to any great degree by concentrations of boric 
acid up to and including 2% at 37 or 40° ( Figs. 1-3). 
At 34°, however, there is a marked decline in phago- 
cytosis at 2% boric acid concentration (Figs. 1 and 
4). A concentration of 3% boric acid results in a 
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Fig. 2.—Quantitative evaluation of phagocytosis 
at 37°. @, 0-5 cocci/pmn. O, 6-20 cocci/pmn. 
©, 21-40 cocci/pmn., 
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considerable decrease in phagocytosis at all tempera- 
tures of the experiment, and the loss of power to 
ingest more than five cocci is complete at 4% boric 
acid concentration. 

Smears stained with Wright’s stain show a change 
in coloration in the polymorphonuclear neutrophils 
and a more heavily stained granular appearance of 
these cells which is similar to the appearance of toxic 
granulation at boric acid concentrations of 3 and 
4%. 
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Fig. 3.— Quantitative evaluation of p osis 
at 40°. @, 0-5 cocci/pmn. O, 6-20 cocci/pmn. 
©, 21-40 cocci/pmn. @, >40 cocci/pmn. Asterisk 
denotes two donors only. 


Boric acid is soluble at room temperature to the 
extent of approximately 5%, and this concentration 
is often used clinically as a so-called mild antiseptic. 
It is to be considered, therefore, that concentrations 
greater than 2°%% may inhibit phagocytosis, thereby 
negating a primary defense mechanism of the body 
against bacterial invasion. The solubility of boric 
acid at 0° is 1.95%, and use of a solution kept at 
refrigerator temperature (approximately 4°) or pre- 
pared by dissolving boric acid crystals in water at 
refrigerator temperature would thus prevent phago- 
cyticidal toxicity. 

Results of the in vitro testing of the micrococcus 
used throughout these experiments (Table I) show 
that 4% boric acid was not toxic to 100% of the 
cocci, but was toxic to 100% of the phagocytes under 
the conditions previously described and shown in 


| 
| 
| 
a 
4 | | | 
| 
| 
| | 
| 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


3 


PHAGOCYTOSIS, PER CENT 


3 


i 
° ors O25 os 2 
BORIC ACID, PER CENT 
Fig. 4.—Quantitative evaluation of phagocytosis 
at 34°. @, 0-5 cocci/pmn. O, 6-20 cocci/pmn. 
a cocci/pmn. Asterisk denotes two donors 
y. 


Figs. 1 and 2. Admitting the differences in tech- 
niques employed, comparison of these data to formu- 
late a toxicity index would give a number greater 
than one, indicating the tissue toxicity to be greater 
than the bactericidal activity of the boric acid at 
4% concentrations [Salle, et al. (4)]. An appreci- 
ehte number of organisms, however, are killed in 
2% boric acid (nontoxic concentration) for the 37° 
and 40° temperatures. It has been repeatedly 
demonstrated that bacterial cells of many patho- 
genic species are less susceptible to the lethal action 
of germicides than are the tissue cells of the body 
(Lambert (5), German (6), Buchsbaum and Bloom 
(7), Hirsch and Novak (8)]. The invasive qualities 
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of these organisms may thus be aided and abetted 
by the injudicious use of too concentrated a solution 
of boric acid. 


SUMMARY 


Phagocytosis is inhibited by concentrations of 
boric acid higher than 2 per cent at tempera- 
tures of 37° or 40° under the conditions of the in 
vitro experiments performed. 

Phagocytosis is partially inhibited by 2 per 
cent boric acid concentration, and totally in- 
hibited by higher concentrations at 34°. 

The need for an increased awareness of these 
data in the clinical use of boric acid is discussed. 
It is recommended that refrigerated boric acid 
solutions be prepared to insure the clinical use 
of non-phagocyticidal concentrations. 
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Antibacterial Action of Boric Acid 
in Lacrima (Tears)* 


By MILAN NOVAK and WELTON I. TAYLOR 


Boric acid in concentrations of from 0.5 to 2 

© cent exerted bacteriostatic action on 

cultures of typical Pyoe pyogenic organ- 

isms often found in the eye. This action was 

not inhibited by lacrimal secretions. Results 

indicate that tears may —— slightl ghily 
bacteriostatic action boric 


HE common use of boric acid solutions for 
application to the eye in cases of injury or 
infection raises the question as to the influence of 
lacrimal secretions on the bactericidal or bac- 
teriostatic action of this germicide. Since boric 
* Received March 28, 1951, from the ment of Bac- 

teriology, University of Illinois, College of Medicine. 
+ This — ation was conducted under the auspices of 


Therapeutic Research 810 Righteenth Street, 
. W., Washington 6, D.C 


acid is generally regarded as a mild germicidal 
agent, any reduction of its antibacterial action 
by such environmental factors as tears might 
limit its rational use in pathological conditions 
involving the eye. The present study was ini- 
tiated to determine its action in the presence of 
tears on representative organisms often found in 
minor eye infections. 


MATERIALS AND METHODS 


Three species of bacteria were selected to test the 
inhibitory effect of various concentrations of boric 
acid under ordinary conditions of laboratory test- 
ing. Micrococcus pyogenes var. albus, originally iso- 
lated from normal skin, a beta-hemolytic streptococ- 
cus and Diplococcus pneumoniae were grown in 
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brain heart infusion broth for twenty-four hours. 
Wassermann tubes containing 2 ml. of double 
strength brain-heart infusion broth and 2 ml. of 
sterile boric acid in saline in such concentrations 
(supersaturated where necessary) to obtain final 
concentrations of 4, 3, 2, 1, 0.5, and 0.25% and 
sterile saline for control series, received 0.8 ml. of a 
10~* dilution of a twenty-four hour culture. The 
tubes were incubated at 37° and 1 ml. of inocula 
removed at three, six, and twenty-four hours and 
plated in brain-heart infusion agar. Plates were 
incubated at 37° for forty-eight hours. Resulting 
counts are shown in Table I. 

Results shown in Table I illustrate the mild ac- 
tion of boric acid against the bacterial species used. 
All concentrations of boric acid inhibited reproduc- 
tion of all bacterial species tested as compared with 
controls. A diminution of colonies at twenty-four 
hours over colonies at three hours was obtained at 
boric acid concentrations of 1% for M. pyogenes 
var. albus, 2% for the streptococcus, and 0.5% for 
D. pneumoniae. These concentrations can be in- 
terpreted as bacteriostatic levels and are comparable 
to a number of previously reported studies. 

Bactericidal end points are reached at boric acid 
concentrations above those just inhibiting growth, 
as is demonstrated by a marked reduction in colony 
count in the higher concentrations of boric acid. 
The frequent absence of complete killing may be 
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explained by the presence of highly resistant indi- 
vidual cells which have been observed with numer- 
ous antibacterial agents. The data, however, indi- 
cate that the three species used in these studies 
were of average resistance and are therefore repre- 
sentative organisms for further study with tears. 

An investigation of the effect of boric acid on bac- 
teria in the presence of tears was then conducted. 
Tears were obtained from healthy adult subjects 
using cigarette smoke as a lacrimator. As tears 
formed they were drawn into sterile Wright's pi- 
pettes by the combined means of capillary action 
and gravitational flow. Tears collected from 
seven subjects were pooled, a portion used immedi- 
ately (Table Il) and the remainder used after 
twenty-four hours’ refrigeration (Table III). Tears 
were not sterilized. 

Tips of sterile Wright's pipettes were macro- 
scopically calibrated to approximately the same 
interior diameters and marked about 30 mm. from 
the end. Concentrations of sterile boric acid solu- 
tions in distilled water to make desired final concen- 
trations (supersaturated where necessary) were 
drawn into the pipettes by capillary action up to 
the mark. This was repeated with tears and agiin 
with a twenty-four-hour brain-heart infusion broth 
culture of the desired organism. Each portion was 
aspirated to empty the tip for the next portion and 
aspirated vigorously to mix after the final portion. 


Tasie I.—BacreriAv Sensitivity To Boric Acip 


—-Plate Counts* 


M. pyo; 
var. albus 


24 
TNTC 
++"/2 
19 
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Streptococcus sp. 
beta- Hemolytic 


pneumoniae 


* TNTC = Too numerous to = (over 400); + represents approximately 100 


50 colonies; 0 indicates no growth. 


Tasie II.—ANTIBACTERIAL ACTION OF Boric Acip IN FresH_y CoLLectep TEARS 


Plate Counts® 
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III.—ANTIBACTERIAL ACTION OF Boric AciID IN REFRIGERATED TEARS 


Plate Counts* 
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The end of the pipette was sealed by flaming and 
was incubated at 37° for twenty-four hours. 

After incubation, the tips of the pipettes were 
flamed and broken off, the cultures expelled into 
sterile Petri plates, and brain-heart infusion agar 
pour plates made. Colonies were counted after 
forty-eight hours incubation at 37°. Since the 
tears were not sterilized and contained a normal 
flora, which consisted mainly of M. pyrogenes var. 
aureus, counts were made only of typical colonies 
of the added bacterial species and normal flora 
ignored where distinguishable. Results are shown 
in Tables II and III. 


RESULTS 


Freshly collected pooled tears seemingly do not 
interfere with the action of boric acid. Counts 
shown in Table II tend to be lower in cultures in- 
cubated in the presence of tears than in the con- 
trols. This was more evident with M. pyogenes 
var. albus than with Streptococcus sp. 
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Tears refrigerated for twenty-four hours at 6° 
showed similar results (Table II1) to those obtained 
with fresh tears. 


CONCLUSIONS 


Bacteriostatic concentrations of boric acid 
in broth cultures of representative pyogenic bac- 
terial species often found in the eye varied from 
0.5 per cent to 2 per cent. Higher concentra- 
tions to a maximum of 4 per cent demonstrated 
a slow bactericidal action. 

Freshly collected as well as stored lacrimal 
secretions showed no inhibitory action on the 
antibacterial action of boric acid. The results 
suggest that tears actually increase the bacteri- 
cidal action of boric acid to a slight degree. This 
may be due to naturally occurring lysozyme. 


Several antihistamine drugs have been tested 
for fungistatic activity. By use of the isolated 
mycelial disk technique, an exposure of two 
minutes, and T. mentagrophytes as the test or- 
ganism, none of the compounds showed ac- 
tivity. When tested by the agar cup-plate 
method and the same organism, all of the 
antihistaminic drugs tested showed inhibi- 
tory activity. 


T HAS long been recognized that the dermato- 

phytes produce allergic manifestations within 
the tissues of the host, some of them severe in 
nature. It is possible that histamine may be 
concerned in these tissue reactions, and if such 
is the case then the antihistamine drugs may 
prove of value from an antiallergenic standpoint. 
In addition, any local anesthetic activity they 
may possess would be useful for the amelioration 
of the itching associated with athlete's foot. 

An examination of the chemical structure of a 
number of antihistamines has shown the presence 
of certain radicals such as benzyl and pyridine, 
which from recent investigations in our labora- 
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Antifungal Properties of Some Antihistamines*' 


By G. C. WALKER, H. GEORGE DeKAY, and C. L. PORTER 


* Received April 9, 1951, from the laboratories of the 


tories have been found to confer fungicidal and 
fungistatic properties by virtue of their presence 
in the molecule. It has recently been shown 
that three compounds possessing antihistaminic 
properties also exhibit fungistatic activity (1). 

A number of antihistamines were secured from 
their respective manufacturers and evaluated for 
fungicidal and fungistatic activity.' They are 
as follows: Antergan hydrochloride, Antistine 
hydrochloride, Benadryl hydrochloride, Tagathen 
citrate, Neo-Antergan acid maleate, Neohetra- 
mine hydrochloride, Phenergan hydrochloride, 
Pyribenzamine hydrochloride, and Thephorin 
hydrogen tartrate. 


FUNGICIDAL TESTS 


The compounds were evaluated for fungicidal 
activity using the method of Golden and Oster (2), 
except for the introduction of polyethylene glycol 
400 in the rinsing phase. Tvricophyton mentagro- 
phytes was grown for fifteen days on Sabouraud’s 
dextrose agar containing 10% normal horse serum. 
A 1-cm. disk was cut from the agar by means of a 


‘1 The authors wish to thank the following com for 
supplying the antihistamines: Ciba Co.; mann-La 
Lederle Laboratories; Nepera Chemical Co., 


ion; Parke, Davis and Co.; and Poulenc. L Ltd. 
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sterile cork borer and immersed for two minutes in 
10 ml, of a 95% alcohol solution of the substance 
being tested. Following exposure, the disk was 
rinsed for five minutes with gentle shaking in 10 ml. 
of a 60% aqueous solution of polyethylene glycol 
400, followed by five minutes in 10 ml. of 30% ace- 
tone solution, and finally for five minutes in 10 ml. of 
sterile broth. The disk was then planted, mycelial 
surface down, on sterile slants of Sabouraud’s agar 
and observed for growth after twenty-one days. 

None of the antihistamines tested showed any 
toxic properties after an exposure of two minutes, 
but growth of the organism was retarded in some 
cases for as long as ten days, thus indicating pene- 
tration of the agar and fungistatic activity. 


FUNGISTATIC TESTS 


Preliminary experiments, using the agar cup-plate 
method of Burlingame and Reddish (3) and Tri- 
chophyton mentagrophytes as the test organism, 
showed that all the antihistamines exhibit inhibitory 
properties to some degree when tested at a concen- 
tration of 0.1°% in 95% alcohol. It was decided to 
evaluate them in an ointment base, since it would be 
in this form of medication that they would most 
likely appear for the treatment of athlete’s foot. 

U. S. P. hydrophilic ointment was used with the 
omission of sodium lauryl sulfate and the substitu- 
tion of Tween 80 so as to produce a nonionic formu- 
lation. The composition was as follows: 


White petrolatum 
Distilled water 


Serum agar plates were prepared containing 10% 
normal horse serum in Sabouraud’s dextrose agar 
and a further 15 ml. of serum agar containing 2,500,- 
000 conidia from a fifteen-day culture of Tricho- 
phyton mentagrophytes poured over the surface. 
A 2-cm. unsealed cup was cut from the center of the 
agar by means of a sterile cork borer. 

The antihistamines were incorporated in the cold 
base by trituration and in strengths of 2%, 1%, 
and 0.5%. One and one-half grams of the ointment 
to be tested was packed into the cup and the plate 
incubated for five days at 28°. Control tests per- 
formed using the ointment base alone showed no 
fungistatic activity. 

Since few definite zones were produced, the re- 
sults are of necessity descriptive. In practically 
all the tests, a faint glaze was noted which increased 
outward from the cup indicating that the organism 
was partially inhibited. This faint or subdued 
germination showed little further visible develop- 
ment after an additional observation period of five 
days. The results are shown in Table I with an 
antihistamine concentration of 2%. Where a 
clear-cut zone was evidenced, it was measured 
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TaB_e I.—Rgsutts or FuNGisTaTic TESTS IN A 
Nonronic OINTMENT BasE 


Faint visible germination to periphery of plate. 


in millimeters from the edge of the cup to the circle 
of mycelial development. 

Results at 1% and 0.5% showed further visible 
increases in the extent of germination. Four of the 
compounds showed greater evidence of inhibition 
than the others at 0.5°), and the results are descrip- 
tively outlined in Table IT. 


Taste II.—Resutts oF Funcrstatic TESTS IN A 
Nonronic OINTMENT BASE At A CONCENTRATION 
or 0.5% 


Faint germination outward from the 
cup for 26 mm., then dense white 
mycelial growth to periphery 

Definite germination for 23 mm., then 
dense white mycelial growth to 
periphery 

Faint germination outward from the 
cup for 23 mm., followed by sparse 
mycelial development to periphery 

No distinct zone, but sparse, increas- 
ing mycelial development outward 
from the cup 


Antergan 


CONCLUSIONS 

1. Using the isolated mycelial disk technique 
and an exposure of two minutes, the antihista- 
mines tested showed no fungicidal activity toward 
T. mentagrophytes. 

2. Results obtained by the agar cup-plate 
method of fungistatic testing show all the anti- 
histamines tested to possess definite inhibitory 
activity against 7. mentagrophytes. 

3. Antergan and Phenergan appeared to be 
the most active of the compounds tested in a 
nonionic ointment base. 
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The Effects of Certain Organic and Inorganic 


Nitrogen Feedings 


on Growth and Alkaloid 


Biosynthesis in Claviceps (Ergot) Mycelium*+t 


By S. K. SIM{ and H. W. YOUNGKEN, Jr.§ 


Ergot alkaloids have been found in m yeans cultures of Claviceps mycelia in trace 


amounts. When cultures were agitated 

a increased, but alkaloid 
a. ornithine, and i 
ited mycelial 


by mechanical shaking, mycelial 
ncy decreased. Suppl 

ole supported alkaloi but marked! 
Arginine and ammonium 


rowth 


ementary feedings wi tryp- 


sulfate had no significant 


on growth or alkaloid synthesis. 


HE SCLEROTIUM, or dormant stage, of the 

fungus Claviceps purpurea which is parasitic 
on the rye plant, constitutes the official drug, 
Ergot N. F. Several workers have in recent 
years successfully prepared artificial growth of 
the mycelial stages of this fungus in laboratory 
culture media (1-5). McCrea (2) and Jaretzky 
(3) have demonstrated the presence of the ergot 
alkaloids in fluidextracts prepared from artifi- 
cially cultured Claviceps mycelia. On the other 
hand, Michener and Snell (5) have reported that 
the presence of ergot alkaloids could not be con- 
clusively shown in Claviceps purpurea cultures 
grown under similar conditions as reported 
above. Furthermore, they reported that when 
ergotamine had been added to cultures the quan- 
tity of this alkaloid was decreased as the incuba- 
tion period increased. 

While the mode of alkaloid formation in Clagi- 
ceps species, as well as in many higher plants, is 
not clearly understood, in recent decades many 
studies have been reported on the effects of sup- 
plementary controlled nitrogen feedings on alka- 
loid biosynthesis; for example, the effects of cer- 
tain amino acids such as arginine and ornithine 
and inorganic nitrate feedings on alkaloid forma- 
tion in Atropa belladonna, Hyoscyamus muticus, 
and Datura stramonium (6-13). 

Inasmuch as conflicting reports on alkaloid 
biosynthesis in Claviceps mycelial cultures ap- 
pear in the literature, it was deemed of interest 
to re-examine this phenomenon and to ascertain 
the effects in artificial cultures of controlled ni- 
trogen feedings such as were found to influence 
growth and alkaloid production in certain higher 
plants. 


* Received Jul 1951, from the University of Wash- 
n, College of acy, Seattle. 
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of Science in Pharmacy, May, 1951. 

Associate Professor and Chairman for Pharmacognosy, 
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EXPERIMENTAL 


Culture Methods.—Representative dried ergots 
were selected from two different commercial lots of 
the drug,' and these were dipped into 95% alcohol for 
about ten seconds in order to prevent the growth of 
any contaminating organisms. Thereupon, a small 
piece of the inner tissue of each ergot was carefully 
dissected from the sclerotium. This tissue was again 
dipped into 95% alcohol for about five seconds, 
quickly passed over a Bunsen flame, and immedi- 
ately planted onto the surface of sterile agar slants. 
All agar slants were prepared with the formula of 
McCrea (2) (Table I) and were sterilized by auto- 
claving at 15 lb. pressure for twenty minutes. These 
were incubated at room temperature. Mycelial 
strands appeared on the slant in from ten to four- 
teen days. A small proportion of the agar slants 
failed to produce mycelial growth, but growth was 
successfully induced in most of the cultures. Trans- 
plants were made from original agar cultures once 
every four or five weeks. An authentic strain of 
Claviceps purpurea was also obtained from Dr. E. 
C. Stakman of the Department of Plant Pathology, 
University of Minnesota. Growth characteristics 
of this were compared with those of progenies from 
the commercial ergot stock and found to be identical. 
Furthermore, subsequent inoculation of young ovar- 
ies of flowering greenhouse rye plants with these 
cultured mycelial tissues resulted in the formation 
of an authentic ergot drug. 

In order to handle adequately large quantities of 
the Claviceps mycelial tissues for growth measure- 
ments and alkaloid studies, it was found necessary 
to employ liquid culture media. Thus, surface 
mycelial strands? from three- to four-week-old stock 
culture agar slants were transplanted by means of a 
standard inoculating needle into standard Kolle 
culture flasks, 13.5 cm. in diameter, filled with 60 
ml. of a sterile liquid medium. The liquid culture 
medium employed was that successfully used for 
Claviceps growth by Schwarting and Hiner (4) 
(Table II). McCrea (2) has found that Claviceps 
purpurea grows satisfactorily over a wide temper- 
ature range, i. e., from 18° to 28 or 30°. Cultures 
for this study were maintained at room temperature. 


! Purchased from Meer’s Corporation and the S. B. Penick 
y, New York, N. Y. 
ateful acknowledgment is made to Dr. C. M Wright. 
en of Plant Pathology, State College of Washing 
ton, for con —=y the identification of Claviceps purpuree 
al material employed during the study. 
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Taste I.—McCrea’s ForMuLA FoR CLAVICEPS 
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Tasie II.—Scuwartinc-Hiner Liguip CuLtTuRE 
ror CLAVICEPS GROWTH 


Cutture (2) 

Dihydrogen potassium phosphate 1.25 Gm. 
Magnesium ‘sulfate 1.25 Gm. 
Peptone (Merck) 1.25 Gm. 
Maltose ( Difco) 12.50 Gm. 
Malt extract ( Difco) 12.50 Gm. 
Agar ( Difco) 60.00 Gm. 
Water, sufficient to make 1.00 L. 


For controlled nitrogen feedings and alkaloid 
study, two or three experimental groups of cultures 
were arranged for each feeding growth period. 
Each experiment consisted of from 15 to 20 flasks 
per treatment, in addition to a control group con- 
sisting of a similar number of flasks. The controls 
contained 60 ml. of the liquid medium, whereas the 
treated group consisted of flasks containing this 
amount with the addition of one of the following 
nitrogenous compounds: L-arginine, L-ornithine, 
L-tryptophane, or ammonium sulfate in 0.005 M 
concentration, or indole in concentration of 0.0002 
M. It had been found in preliminary experiments 
that higher concentrations of indole greatly inhibited 
the growth of the fungus, and that with 0.005 MW 
or higher concentrations of indole there was no 
growth at all. All liquid cultures in each experi- 
ment were inoculated at the same time with the 
same stock of Claviceps tissue. These subcultures 
were then allowed to grow side by side at room 
temperature in the laboratory for seven days and 
were then harvested simultaneously. In prelim- 
inary experiments it was noted also that vegetative 
mycelial growth was most rapid during a seven- to 
ten-day growth period. 


Harvesting and Drying.—For growth weight data 
and alkaloid determinations, the pellicles from each 
flask were collected separately in a tared small evap- 
orating dish which had previously been smeared 
with a thin film of white petrolatum. The thin film 
of petrolatum facilitated the removal of the tissue 
material from the dish after it had been dried. The 
material was then dried in the oven at 40° for five 
days, and the dried weight determined for each 
collection. 


Extraction Procedure.—The dried Claviceps my- 
celial tissue was removed from the evaporating 
dishes, and materials from dishes of the same group 
in an experiment were then combined. To remove 
a small unavoidable amount of white petrolatum 
which inadvertently remained attached to the 
mycelial tissue, the latter was placed in petroleum 
ether for about four hours. The petroleum ether 
was decanted off, and the mycelial material was 
thoroughly dried in a current of warm air. It was 
then broken into small pieces. Dried tissues from 
each group (i. e., 17 to 20 flasks) yielded a dried 
weight of from 0.5 to 2.0 Gm. This was then ex- 
tracted with 15-20 ml. of diluted alcohol, U. S. P., 
containing 1% tartaric acid, and the mixture shaken 
in a mechanical shaker for twenty-four hours. It 
was then centrifuged and filtered. The filtrate con- 
stituted the fraction which was used for chemical 
and biological tests. One gram or 0.5 Gm. of pre- 
viously dried prepared ergot N. F. was extracted in 
the same manner and at the same time for compar- 
ative testing. 


Magnesium sulfate 1 
Dihydrogen potassium phosphate 2 
Peptone (Merck) 1. 
Maltose ( Difco) 12. 
Yeast extract ( Difco) 12. 
Water, sufficient to make 1 


Examination for Total Alkaloids. —Extracts which 
had been prepared in the above manner were first 
examined qualitatively by a colorimetric procedure. 
The chemical test of the British Pharmacopoeia 
1948 (14) which employs the van Urk reagent (p- 
dimethylaminobenzaldehyde) was used. The rea- 
gent was freshly prepared before each test by dis- 
solving 0.125 Gm. of p-dimethylaminobenzaldehyde 
in a cooled mixture of 65 ml. of sulfuric acid and 
35 ml. of water, and then adding 0.1 ml. of 5% ferric 
chloride. One milliliter of the mycelial extract 
was then mixed with 2 ml. of the van Urk reagent. 
All the extracts from the experimental mycelial 
tissue materials gave a purplish color which indi- 
cated the presence of ergot alkaloids or similar com- 
pounds possessing an indole nucleus. After about 
two to three hours, the color became darker blue. 
The extract made from prepared ergot N. F. gave a 
light blue color with the reagent almost immediately. 
This color also turned very much darker blue on 
standing. It was noted that the colors developed 
by the prepared ergot extracts were generally much 
more intensely blue at first than the response with 
the mycelial extracts. It was therefore presumed 
that the quantity of alkaloids present in the experi- 
mental mycelial materials was considerably less 
than that found in prepared ergot N. F. Other 
compounds having the indole nucleus, in addition to 
the ergot alkaloids, e. g., indole, tryptophane, and 
lysergic acid, give this color reaction by the same 
test. These, however, are not reactive to the 
biological assay tests in which isolated rabbit 
uterus muscle strips are employed. Therefore it was 
feasible to examine for total alkaloids by the use 
of a modified Broom and Clark (15, 16) uterine strip 
method. 

The biological method of Broom and Clark (15), 
as modified by Burn (16), makes use of the ability 
of the ergot alkaloids (ergotoxine and ergotamine) 
to counteract the contraction caused by a freshly 
prepared epinephrine solution on isolated rabbit 
uterus strips. While this method has a disadvan- 
tage in that it does not measure the ergonovine con- 
tent of a preparation, it is sufficiently specific for 
the ergotoxine type of alkaloids and it requires 


smaller quantities of material for analysis than does 


the chemical method. Ergotoxine in quantities 
of 0.005 to 0.010 mg. (when using a 40-100 ml. 
muscle chamber) is sufficient for the reaction (16). 
Nongravid female rabbits of about 3 Kg. in 
weight were sacrificed by a blow on the head and 
bled by cutting the throat. The horns of the uterus 
were immediately removed and kept in nutrient 
Tyrode solution (17). A piece of the uterus about 
1 to 1.5 em. long was cut off from one horn. This 
muscle was then longitudinally divided into two 
strips and each of these strips was suspended in one 
of two 40-ml. glass chambers in Tyrode solution. A 
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Fig. 1.—Kymograph tracings showing compara- 
tive alkaloidal activity in Claviceps mycelial,tissues 
grown in culture solutions. 

EP = Epinephrine (0.015 y/ml.); W = Wash; 
T = Tryptophane-treated culture (1.95 mg./ml.); 
OR = Ornithine-treated culture (2.06 mg./ml.); 
N9 = Control culture (2.67 mg. /ml.). 

All refer to final concentrations of mycelial ex- 
tract placed into muscle chamber. 


constant stream of oxygen (95% with 5% carbon 
dioxide) was bubbled into the chambers. One end 
of the uterus muscle strip was securely tied to the 
hooked end of a suitably bent glass rod clamped to 
stand vertically in the chamber, and the other end 
of the strip was tied by thread to a lever above. 
The lever properly weighted recorded the contrac- 
tion and relaxation of the muscle strip by tracing 
on smoked kymograph paper made to rotate slowly 
around a mechanical drum system (Figs. 1 and 2). 

The presence of the alkaloids, ergotoxine and 
ergotamine, in mycelial cultures was measured by 
the ability of these extracts to reduce a contraction 
of the uterus strip produced by 0.5 to 1 ml. of 
freshly prepared 1: 50,000 epinephrine hydrochloride 
solution. The degree of diminution of the epine- 


Fig. 2— —Kymograph tracings showing g compara- 
tive alkaloidal activity in Claviceps mycelial tissues 
grown in culture solutions. 

EP = Epinephrine (0.03 y/ml.); W = Wash; 
S = Shaken culture (6.68 mg./ml.); N8 = Control 
culture (0.8 mg./ml.). 

All refer to final apr San of mycelial ex- 
tract placed into muscle chambe 
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phrine contraction was compared to that produced 
by known quantities of a reference extract of pre- 
pared ergot N. F., which had been previously stand- 
ardized against U.S. P. reference standard ergotoxine 
ethanesulfonate. 

The alkaloid content was computed as follows: 
In each test, after ascertaining the proper amount 
of epinephrine required to produce a contraction of 
reproducible magnitude, the muscle strips were 
washed. In each experiment a suitable quantity, 
but not more than 2 ml., of mycelial extract was 
then introduced into one chamber, and an extract of 
the reference prepared ergot was simultaneously 
introduced into the second chamber. Ten minutes 
later, the same amount of epinephrine was again 
added to each chamber. The presence of ergot 
alkaloids (as ergotoxine) would cause a diminution 
of the latter epinephrine contraction. The amount 
of the extract added in each case was then diluted 
to determine the minimum quantity necessary to 
cause a 50-60% diminution of the epinephrine con- 
traction when compared with the initial contraction. 
This activity was reproduced three or four times 
before results of the test were concluded. A quan- 
tity of mycelial extract was then considered to con- 
tain the same amount of alkaloids (as ergotoxine) as 
a quantity of the prepared ergot extract if it pro- 
duced the same relative response by causing a 5(- 
60% diminution of the epinephrine contraction. 
As both of these quantities of the experimental ex- 
tract and the extract of prepared ergot had been 
derived from known weights of dried materials 
(dried mycelia in the one case, and dried prepared 
ergot in the other), these quantities of the extracts 
were then converted to their respective dried weight 
equivalents. That is, if w mg. of dried tissue mate- 
rials from all the flasks in one group (cultures of same 
treatment which were inoculated at the same time 
from the same stock culture as previously described ) 
after extraction yielded an extract of » mi., and 
va ml. of this extract was found to be the minimum 
quantity necessary to bring about a 50-60% diminu- 
tion of the epinephrine contraction, then the dried 
weight of mycelial tissues equivalent to the vg ml. 
of extract would be equal to (w/v)-ta = Mm mg. 
The dried weight equivalent (Mge mg.) of the ex- 
tract of prepared ergot was calculated in the same 
manner. This would mean then that Mm mg. of 
the experimental mycelia showed the same activity 
as Mge mg. of prepared ergot. Samples were then 
considered to contain the same amount of alkaloids. 

The total alkaloid content of the prepared ergot 
used (as mg. ergotoxine per 100 Gm. prepared ergot) 
was determined by the British Pharmacopcia 
1948 (14) colorimetric method as follows: A ten- 
gram sample of the prepared ergot was defatted 
with petroleum ether and then extracted with an- 
hydrous ether in a Soxhlet extractor. The ether 
extract was then shaken with portions of 1% tar- 
taric acid solution. A suitable aliquot of the acid 
solution was mixed with two volumes of the p-di- 
methylaminobenzaldehyde reagent. The intensity 
of the color produced was measured at 590 my with 
a Beckman spectrophotometer. The quantity of 
total alkaloids in the acid solution was determined 
by comparing the color intensity with that produced 
by the reaction of the same reagent with standard 
solutions of U. S. P. reference standard ergotoxine 
ethanesulfonate in 1% tartaric acid. The results of 
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Tasie III.—Torat ALKALOID ANALYSIS FOR PRE- 
PARED ERGOT? 


Per Cent 
Sample of Total i 
Ergot (as Ergotoxine) 


whe 


Average content of total alkaloids = 0.0674% 
= 67. rd mg./100 


eight assays gave an average alkaloid content of 
67.4 mg. (as ergotoxine) per 100 Gm. prepared ergot 
(Table III). 

Statistical Analyses for Dried Weight Yields.— 
Comparison of dried weights of mycelia were made 
only between the control group and the treated 
group or groups in the same experiment. For such 
comparisons the mean dried weight of mycelial 
tissues per flask in each group was used. These 
dried weights were tested for statistical significance 
by computing the “Student t” (18) and then obtain- 
ing from statistical tables (19) with reference to 
each experiment’s particular number of degrees of 
freedom, the probability point. The formula used 
for computing the “Student t” follows: 


_M— 
t= 1 1 


where M, and M; are, respectively, the mean dried 
weights per flask of the control group and the treated 
group. J, and N; are, respectively, the numbers of 
observations of the two groups, and s represents the 
standard deviation or the square root of the variance, 
and is calculated as follows: 


Sd,? + Sd;* 
Ni + Nz — 2 

In this formula N,; and N; are as explained above, 
Sd,? is the sum of squares of deviations of the first 
group’s observations about their mean, and Sd,’ is 
the sum of squares of deviations of the second group’s 
observations about their mean. It will be seen that 
(N; + Nz — 2) denotes the number of degrees of 
freedom of that particular experiment. 


RESULTS 


Growth Findings.—-All subcultures maintained 
on the agar medium, used for stock cultures, grew 
well. From the point cf inoculation, the white, 
woolly mycelial growth spread to cover the entire 
surface of the agar slant in about four weeks. But 
it never penetrated to more than about 0.5 mm. in 
depth. Aerial mycelia grew to a height of about 
1 mm. Conidiospores were formed in four to six 
days following inoculation. After about ten weeks 
of growth, the mycelial mat became progressively 
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gray in color, and in about twenty weeks, the cul- 
ture became noticeably dry. However, sixteen- 
week-old cultures were sufficiently viable when 
transplanted tc fresh culture medium, 

In the experimental series grown on liquid me- 
dium, small, dull, opaque, gelatinous pellicles, about 
0.5 cm. in surface-area diameter, began to appear 
on the third or fourth day after inoculation. These 
floated on the surface of the liquid medium. They 
soon grew thicker and larger in size, and by the end 
of seven to ten days, the major surface area of the 
culture broth was covered with either one continuous 
pellicle sheet or several pellicles of smaller size. 
Seven-day-old pellicle when examined under the 
microscope showed numerous branching long-cell 
hyphae and many single-cell conidiospores. Fol- 
lowing this period, conidiospores became more 
abundant and mycelial growth failed to increase in 
proportion. Many yellowish-brown droplets of 
ergot oil were observed to float on the surface of the 
pellicle of some three-week-old subcultures. In 
other cultures, these oil drops were not formed. 
The Claviceps pellicles became gray in color after 
more than two weeks of growth. 
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Fig. 3.—Bar graphs showing comparative dried 
weight yields of Claviceps mycelia growth from 
cultures treated with arginine, tryptophane, indole, 
ornithine, ammonium sulfate, and mechanical 
shaking. 


Comparison of Dried Weights of Mycelia from 
Feeding Experiments.—The results of the effects 
produced on mycelial growth by the feeding experi- 
ments, during which the nitrogenous compounds 
indole (0.0002 M), L-arginine (0.005 M), L-trypto- 
phane (0.005 M), L-ornithine (0.005 M), and am- 
monium sulfate (0.005 M) were added to the cul- 
tures, are given in Table IV and Fig. 3. Those re- 
sults marked “‘a’’ were statistically analyzed in the 
manner described. These experiments have been 
repeated two or three times in each case. The aver- 
age dried weight per flask was determined by divid- 
ing the total dried weight of each group by the num- 
ber of cultures contained in that group. The re- 
sults of these experiments are marked “b” and 
“c” in Table IV. It will be noted that the results 
of the repeated experiments marked “‘b” and ‘“‘c”’ 
in Table IV quite parallel those that are marked 
“a” in the same table in every case except that of 
the arginine feedings. 

It was noted that by comparing statistical re- 
sults of the dried weights produced by each experi- 
mental lot as described above, significant differ- 
ences in growth could be observed between cultures 
containing indole, L-tryptophane, L-ornithine, and 
their respective controls. No significant differences 
were noted in the case of arginine and ammonium 
sulfate treatments. 
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TABLE I1V.—Driep WeicuTs AND ALKALor Activity Data or CLaviceps Mycetia GROWN IN CULTURE 
SOLUTIONS WITH NITROGEN FEEDINGS AND WITH SHAKING 


Dried Weights 


iff 


Controla 

Ornithine a 

Control b 

Ornithine b 

Control c 

Ornithine c 

Control a 
Ammonium sulfate a 
Control b 
Ammonium sulfate b 
Control c 

Ammonium sulfate c 


60. 
01. 
63. 
32. 
25. 
01. 
60. 
32. 
21. 
39. 
22. 
24. 
19. 
28. 
20. 
00. 
72. 
24. 
22. 
36. 
37. 
24. 
24. 
28. 
26. 
16. 
37 


8 

SSER! 


2.813 


6.573 


~—Alkaloid Activity 


Indole b 
Control a 
Control b 
Arginine a 
Arginine b 
Control a 
Control b 
Control c 
Tryptophane a 
Tryptophane b 
Tryptophane c 
Control a 
Control b 
Control c 
Ornithine a 
Ornithine b 
Ornithine c 
Controla 
Control b 
Control c 
(NH,4):SO,a 
(NH,4)2SO, b 
(N H,4)2SO, c 
Controla 
Control b 
Control c 
Shakinga 
Shaking b 
Shaking c 


<0.01 


<0.001 


Indole feeding produced a decrease in the average 
dried weight of approximately 40% when compared 
with its control. Although arginine feeding resulted 
in a 22% decrease in dried weight in the experiment 
marked “Arginine a” in Table IV, there appeared 
to be no such difference in the results marked ‘‘Argi- 
nine b.”’ 

The response to tryptophane feeding in the ex- 
periment marked ““Tryptophane a” showed that 
there was about 34% less mycelial dried weight 
yield than in the case of the control. Ornithine, 
when added to the culture solutions, produced an 
average decrease of dried weight of approximately 
28.5% as compared with the controls (‘‘Ornithine 
a” in Table IV). The response from feedings in 
which ammonium sulfate (0.005 M) was employed 
revealed that this form of inorganic nitrogen pro- 
duced no significant effect on mycelial growth. 

Aeration-Agitation of Claviceps Cultures by Shak- 
ing.—Aeration-agitation hds been known to be in- 
fluential in the metabolic activities of mold cultures 
from all aspects (20). Hence it was of interest to 
determine whether or not shaking the Claviceps 
subcultures would influence the growth or total 
alkaloid production or both. 

Each experiment consisted of two groups. Each 
group consisted of ten 500-ml. Erlenmeyer flasks 


containing 60 ml. of liquid culture medium. These 
were autoclaved and inoculated with surface myce- 
lium from a stock culture agar slant in the manner 
previously described. One of the two groups was 
continuously shaken by a mechanical shaker 
throughout the growth period, which lasted seven 
days. The other group (control) was not shaken 
but was allowed to grow for the same period. Har- 
vesting, extraction, and chemical and biological tests 
were carried out in the manner already described. 
The results (Table IV and Fig. 3) showed that the 
shaking increased the average dried weight of my- 
celial tissue per flask by some eightfold. 

Total Alkaloid Content of Claviceps Mycelia.— 
The results of the biological tests of the experimental 
Claviceps mycelia for total alkaloid contents are 
listed in Table IV. It will be seen that the alka- 
loid contents of the Claviceps mycelia from the con- 
trol, as well as from the treated cultures, were very 
meager compared with the total ‘alkaloid content 
of prepared ergot (Table III) which is derived from 
Claviceps sclerotia. Because of the small alkaloid 
content of the mycelia (which was from '/@ to 
1/2 of that of prepared ergot), it has not been pos- 
sible to assay the mycelial tissue material from each 
culture flask. As has been pointed out, the mycelial 
dried weight data show that the addition of indole, 


Mean 
Alkaloid 
Mean Alkaloid Content 
Relative 
Mean gotoxine 
Dried Proba- 100 _—per 100 
Oe, No. of Wt. per bility Gm. My- Gm. 
Flasks Flask Point celia Mycelia 
Control a 17 b 3.669 0.001 Controla 
Indole a 15 60.05 Control b 0.225 
: Control b 17 Indole a 
Indole b 21 0.310 
Control a 18 (100) 
Y Arginine a 18 78.32 0.39 
a Control b 17 
; : Arginine b 17 0.58 
Control a 18 (100) 7.698 <0.001 
Tae Tryptophane a 18 67.18 
; Control b 19 1.06 
4 Tryptophane b 20 
Control c 15 
ao Tryptophane c 17 1.30 
19 Oo) = 
17 0.43 
17 
15 
3 20 0.58 
18 (100) 0.13846 0.5 
18 101.6 
15 0.49 
14 
19 
a 19 0.52 | 
Control a 10 (100) 
Shaking a 10 852.1 
Control b 10 1.84 
a Shaking b 10 
Control c 10 
4 Shaking c 10 0.42 
if 
— 
| 
| 
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tryptophane, and ornithine to the culture solutions 
resulted in significant decreases in dried weight. 
From the analyses for total alkaloids, it was ob- 
served that these feedings did not decrease the 
alkaloid contents of the mycelia despite the signifi- 
cant decrease in mycelial growth. In fact, the re- 
sults of the assays of the individual groups of treated 
cultures gave evidence that there was an increase 
in alkaloid content of the myclelia as compared with 
the mycelia from the respective controls. 

When cultures of mycelial growth were shaken, 
there was an increase in dried weight. On the other 
hand, shaking in this case appeared to have effected 
a considerable decrease in total alkaloid content. 
When the alkaloid data of the six pooled groups 
(Shaking a, b, and c and their controls in Table IV) 
were analyzed statistically, the ‘‘t” value was found 
to be 4.522 with four degrees of freedom and a prob- 
ability point of 0.01, which indicated a significant 
decrease in total alkaloid production (as ergotoxine) 
as a result of the shaking. 


DISCUSSION 


The results of these experiments show that Clavi- 
ceps cultures grown on the same liquid medium but 
inoculated from different stock culture agar slants 
and at different times, varied in growth. This made 
it necessary to maintain one control group of cul- 
tures for each experiment. 

The results of alkaloid analyses have confirmed 
the findings of McCrea (2) and Jaretzky (3), who 
reported that alkaloids were present in mycelial 
tissues of Claviceps purpurea. 

The combined tissue material from each culture 
group showed an increase of alkaloids in mycelia 
treated with certain organic nitrogen compounds. 
However, the alkaloid conteat of mycelial tissue of 
each single culture flask of each group was insuffi- 
cient for adequate quantitative comparisons. 
Therefore, the significance of these differences in 
alkaloid production between the treated mycelia 
and mycelia from untreated cultures cannot be con- 
clusively analyzed by statistical methods under the 
conditions herein described. 

Foster (20) has indicated the very high sensitivity 
of fungi in general to slight variations of nitrogen 
source and trace element nutrition. The decreases 
in dried weight of the mycelia in experimental 
Claviceps cultures resulting from the addition of 
small concentrations of indole, tryptophane, and 
ornithine indicate that the growth of this fungus 
might be influenced by its sensitivity to the con- 
centrations used, but alkaloid production is at the 
same time not curtailed. The indications, as shown 
by James (6-8), that the greatest production of alka- 
loids in higher plants (Atropa and Hyoscyamus) 
occurs in the actively growing meristematic tissues, 
do not seem to apply to the Claviceps fungus. But 
the indications that increased alkaloid production 
accompanies protein breakdown in the case of 
Atropa belladonna leaves (7, 8) may perhaps also 

hold true in the Claviceps mycelia in culture. 

Total alkaloid production (as ergotoxine) in 
Claviceps purpurea mycelial tissues under the con- 
ditions described is not sufficient for practical pur- 
poses. However, the possibility that increased ni- 
trogen feedings in combination with a continuous 
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shaking procedure might overcome 
difficulties cannot be overlooked. This phase 
the problem is being continued. 


SUMMARY 


A study has been made of the growth and alka- 
loid production (as ergotoxine) in the mycelial 
tissues of the fungus Claviceps purpurea when 
grown in modified culture media. 

1. Ergot alkaloids were found to be present 
in small amounts in all of tie mycelial cultures 
that were examined. 

2. The sclerotium stage (as prepared ergot) 
yielded from 40 to 250 times more total alkaloids 
(measured as ergotoxine activity) than Claviceps 
mycelial tissues. 

3. The addition of small quantities of indole 
(0.0002 M), ornithine (0.005 M), and trypto- 
phane (0.005 M) to a standard culture medium 
resulted in a decrease of mycelial growth. On 
the other hand, each of these feedings showed 
evidence for some increase in alkaloid content 
of mycelia. 

4. The addition of arginine (0.005 M), and 
of ammonium sulfate (0.005 M) produced no 
significant responses in either growth or alkaloid 
content in the mycelial tissues of this fungus. 

5. Mechanical shaking of the cultures in- 
creased the dried weight of the Claviceps mycelia 
some eightfold. This increase in growth was ac- 
companied by a marked decrease in alkaloid con- 
tent. 
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Reduction of Alloxan in Aqueous Solution. 
II. 


Effect of Certain Organic Reductants 


at pH 1.6° 


By R. STUART TIPSON and LEONARD H. CRETCHER+ 


By use of ultraviolet absorption spectra, it is 

found that /-cysteine, glutathione, and L-as- 

corbic acid have no reducing effect on alloxan 
in aqueous solution at pH 1.6. 


LMOsT immediately after the discovery 
that administration of sufficient aqueous 
alloxan solution induces an experimental dia- 
betes in animals (1), it was surmised that endog- 
enous alloxan might be connected with the 
cause of human diabetes mellitus (2). In order 
to test this hypothesis, it became necessary to 
examine the tissues and fluids of animals (dia- 
betic and nondiabetic) for its possible presence. 
In developing a suitable procedure, we must 
first be cognizant of the transformations which 
alloxan is capable of undergoing in aqueous solu- 
tion under various conditions; second, we must 
devise ways of extracting tissues and treating 
fluids such that their endogenous alloxan content 
(if any) is not subjected to conditions which 
would lead to its transformation or decomposi- 
tion. 

A review of the literature made it apparent 
that, if the biological material is to be exposed to 
the air, it should be brought to a pH below 3.5 
as rapidly as possible. Should it contain endog- 
enous alloxan as such, there will then be no trans- 
formation to alloxanic acid; should endogenous 
alloxan be present in its reduced form (dialuric 
acid), oxidation to alloxan may occur, but there 
will be no transformation of the latter to alloxanic 
acid, There then remains the problem of identi- 
fying (and, if possible, determining quantita- 
tively) the alloxan or dialuric acid, probably pres- 
ent in the resulting solution in very low concen- 
tration. 

One promising method for accomplishing this 
appeared to lie in the examination of the ultra- 
violet absorption spectra of aqueous solutions, 
first under reducing conditions and then under 
oxidizing conditions. If dialuric acid is already 
present, or is formed by reduction of alloxan, a 
peak at 270 my in the ultraviolet absorption 


* Received June 8, 1951, from the Department of Research 
in Organic Chemistry, Mellon Institute, Pittsburgh 13, Pa. 

+t The authors express their gratitude to Dr. Foil A. Miller 
and R. B. Hannan, Jr., of the Department of Research in 
Chemical Physics, Mellon Institute, for the recording of the 
ultraviolet absorption spectra. 


spectrum (3) should be observable. On the other 
hand, under oxidizing conditions, the alloxan 
already present, or formed by oxidation of dia- 
luric acid, will exhibit no such peak, although it 
will display a characteristic ultraviolet absorp- 
tion spectrum (4). 

According to the literature, alloxan in aqueous 
solution is reduced by excess cysteine (5-10), 
glutathione (9-11), or L-ascorbic acid (7, 12, 13). 
Although in some cases (9, 10) reduction was ac- 
complished at pH 7.4, in others the pH was not 
always precisely indicated; but it was apparent 
that some of these reductions were conducted in 
acid solution. [We have repeated Abderhal- 
den’s experiment (12) and have found that, im- 
mediately after admixture, the reaction solution 
has pH 2.55.] This inference was strengthened 
by the knowledge that alloxan is highly unstable 
in neutral or alkaline solutions (14). Conse- 
quently, in all the experiments to be reported, 
0.03 N aqueous hydrochloric acid (pH 1.60) 
was used as the solvent; in the wave length 
range employed (220 to 320 my), its ultraviolet 
absorption spectrum is indistinguishable from 
that of distilled water. 

The ultraviolet absorption spectra of various 
concentrations of alloxan (Fig. 1) and of L- 
ascorbic acid (Fig. 2) in this solvent were first 
determined. The results agreed qualitatively 
with those previously recorded for alloxan (4, 
15) and for L-ascorbic acid (16) in somewhat 
similar solvents. Moreover, within the limits 
of experimental error, Beer’s law was obeyed. 
Next, the effect of adding, to a known volume of 
fresh 0.0002 M alloxan solution, an equal volume 
of fresh 0.0002 M L-ascorbic acid solution in 
presence of air was studied. The ultraviolet 
absorption spectrum of the resulting solution 
(Fig. 3) was indistinguishable from that calcu- 
lated by summation of the curves for 0.0001 M 
alloxan and 0.0001 M L-ascorbic acid; it did not 
agree with that calculated for 0.0001 M dialuric 
acid plus 0.0001 M dehydro-L-ascorbie acid. 
The effect was similar when equal volumes of 
fresh 0.0001 M (or of 0.00005 M) solutions of 
alloxan and L-ascorbic acid, respectively, were 
united (Fig. 4). In no case was the formation 
of material exhibiting a peak at 270 my observed, 
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Fig. 1.—Alloxan. (1)0.00005 M; (2)0.0001 M; (3)0.0002 M; (4) 0.002 M; (5)0.01 M. 

Fig. 2.—t-Ascorbic acid. (1) 0.00005 M; (2) 0.0001 M; (3) 0.0002 M. 


320 


Fig. 3.—(1) 0.0001 M alloxan; (2) 0.0001 M L-ascorbic acid; (2) 0.0001 M alloxan in 0.0001 M L-ascorbic 
Fig. 4.—(1) 0.000025 M alloxan in 0.000025 M t-ascorbic acid; (2) 0.00005 M alloxan in 0.00005 L- 


ascorbic acid; (3) 0.0001 M alloxan in 0.0001 M L-ascorbic acid. 
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Similarly, when equal volumes of fresh solu- 
tions of 0.0001 M alloxan and 0.01 M glutathione, 
or of fresh solutions of 0.0002 M alloxan and 
0.01 M L-cysteine hydrochloride, were mixed in 
presence of air, the resulting observed curves 
(Figs. 6 and 9) were also purely additive, with no 
indication of a chemical reaction of the kind 
sought. 

Hence, it appears that these organic reductants 
cannot be employed for revealing the presence 
of alloxan in an aqueous solution at pH 1.6 
(through reduction to dialuric acid and observa- 
tion of the resultant peak at 270 my in the ultra- 
violet absorption spectrum). However, even in 
the presence of, say, cysteine, this peak results 
on reduction with excess hydrogen sulfide. Thus, 
in the absence of interfering substances, alloxan 
in a concentration of 0.000025 to 0.00005 M 
(4-8 yg./ml.) is thereby readily detectable as 
dialuric acid by means of the particular spectro- 
photometer employed. This is a much poorer 
sensitivity than is achieved by the fluorometric 
procedure we previously reported (13). 

It has been observed that, at pH 3.2, /-cysteine 
does not protect dialuric acid solution from aerial 
oxidation as well as it does at pH 7.4 (15). We 
find that, at pH 1.6, l-cysteine affords no pro- 
tective action against aerial oxidation of alloxan- 
tin solution. Hence, at this pH, it appears that 


dialuric acid is a stronger reductant than /- 
cysteine. 

The bearing of these results on the problem of 
diabetes caused by alloxan will be discussed 
subsequently, 


EXPERIMENTAL 


Ultraviolet absorption spectra were obtained with 
a Cary recording spectrophotometer; the maximum 
error in the wave-length calibration of the instru- 
ment was + 5A. Figures 1 to 12 record the ultra- 
violet absorption spectra of solutions in 0.03 N 
aqueous hydrochloric acid. 

0.03 N Aqueous Hydrochloric Acid.—Into a 1-L. 
volumetric flask was pipetted 300 ml. of 0.1 N 
aqueous hydrochloric acid; this was diluted to 1 L. 
with distilled water. The solution had a pH of 
1.60. 

Alloxan Solutions.—A sample of alloxan mono- 
hydrate was chosen which was colorless, and readily 
and completely soluble in five volumes of cold, dis- 
tilled water. It was dried to constant weight over 
soda lime and phosphorus pentoxide in the vacuum 
desiccator at room temperature, and then assayed 
99-100% alloxan monohydrate by Tipson and 
Cretcher’s method (13). A stock solution (0.2 M) 
was prepared fresh each day from this alloxan mono- 
hydrate (0.3202 Gm.) made up to 10.0 ml. with 
0.03 N hydrochloric acid; solutions of desired con- 
centration were obtained by suitable dilution of 
aliquots with the same solvent. The ultraviolet 
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absorption spectra of solutions of various concen- 
trations are shown in Fig. 1. An alloxan solution 
(0.01 M) exhibited a peak at 265 my (e = 85) which 
became less noticeable at lower concentrations. 
This peak was not noted by early workers (3, 17, 
18); an indication of it was first observed (4) as a 
shoulder at ca. 255-275 my (e = ca. 70), and later 
as an inflection (9) at 270 mu (¢ about 90), below 
pH 5.0. 

L-Ascorbic Acid Solutions.—A fresh stock solution 
(0.1 M) was prepared from L-ascorbic acid (U. S. P.; 
0.1761 Gm.) made up to 10.0 ml. with 0.03 N hydro- 
chloric acid; solutions of desired concentration were 
rapidly prepared by suitable dilution of aliquots with 
the same solvent, and their ultraviolet absorption 
spectra were immediately recorded (Fig. 2). These 
showed a peak at 242.5 my (¢ = 9,750) at pH 1.60. 
{Herbert, ef al. (16), found « = ca. 7,500 at 245 


” mu (in aqueous acid, pH < 3).] 


Admixture of Alloxan Solution with L-Ascorbic 
Acid Solution.—Alloxan solution (0.0002 M; 10.0 
ml.) was mixed with 10.0 mij. of fresh 0.0002 M 
L-ascorbic acid solution, and the ultraviolet absorp- 
tion spectrum immediately observed (curve 3, Figs. 
3 and 4). No attempt to exclude air was made. 
The spectra of 50:50 mixtures of 0.0001 M (and of 
0.00005 M) solutions of alloxan and L-ascorbic acid 
are also recorded (curves 2 and 1, Fig. 4). There 
was no indication of formation of dialuric acid. 

Repetition of Abderhalden’s Experiment (12).— 
Alloxan monohydrate (2.0 Gm.) was dissolved in 
60.0 ml. of distilled water, with gentle stirring. As 
soon as the crystals had dissolved, the solution had 
pH 3.70. Next, L-ascorbic acid (2.0 Gm.) was 
dissolved in 40.0 ml. of distilled water, with gentle 
stirring. Immediately after the crystals had dis- 
solved, the solution had a pH of 2.45. The ascorbic 
acid solution was immediately added to the alloxan 
solution; the mixed solution had a pH of 2.55. The 
solution was now transferred to an Erlenmeyer 
flask which was then stoppered. After elapse of 
ten minutes, deposition of colorless crystals became 
evident; their amount steadily increased for some 
time. After standing overnight (stoppered), the 
supernatant liquor was decanted; it had a pH of 
2.25. 

Glutathione Solutions.—A fresh stock solution 
(0.2 M) was prepared from glutathione (0.6146 
Gm.) made up to 10.0 ml. with 0.03 N hydrochloric 
acid; 5.0 ml. of this solution was diluted to 100.0 
mi. with the same solvent, to give 0.01 M glutathione 
solution. The ultraviolet absorption spectrum was 
observed immediately and after elapse of five and 
twenty-four hours in a stoppered flask (curves /, 
2, 3; Fig. 5); it is seen that a gradual change oc- 
curred. Similar behavior was observed with 0.005 
M glutathione in the same solvent (curves 4, 5, 6; 
Fig. 5); it is probably occasioned by aerial oxida- 
tion to the disulfide. The peaks recorded (19) 
for aqueous glutathione solution (at 252, 280, and 
325 my) were not noticeable at the dilutions here 
employed. 

Admixture of Alloxan Solution with Glutathione 
Solution.—Alloxan solution (0.0001 M; 10.0 ml.) 
was mixed with 10.0 ml. of fresh 0.01 M glutathione 
solution, and the ultraviolet absorption spectrum 
observed immediately and after elapse of five and 
twenty-four hours in a stoppered flask (curves 
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Fig. 5.—Glutathione. 0.01 M (1) immediate; (2) after five hours; (3) after twenty-four hours at 25° 
0.005 M (4) immediate; (5) after five hours; (6) ) after twenty-four hours at 25 

Fig. 6.—({1) 0.00005 M alloxan; (2) 0.005 M glutathione. 0.00005 M alloxan in 0.005 M glutathione; 
(3) immediate; (4) after five hours: (5) after twenty-four hours at 25°. 

Fig. 7.—0. 01 M Leysteine. (1) immediate; (2) after two hours; (3) five and one-half hours; (4) twenty- 
four hours; (5) forty-eight hours; (6) one hundred and forty-four hours at 25°. 

Fig. 8.—i-Cystine. (1) 0.001 M; (2) 0.002 M; (3) saturated at 25°. 
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WAVELENGTH IN MILLIMICRONS 

Fig. 9.—0.0001 M alloxan in 0.005 M/-cysteine. (1)immediate; (2) after twenty-four hours at 25°. (3) 
Calculated, had complete reduction of alloxan occ 

Fig. 10—0.0002 M alloxantin in 0.01 M L-cysteine, after (1) ninety minutes; (2) five hours; (3) one hun- 
dred and forty-four hours at 25°. 

Fig. 11—0.03 N hydrochloric acid solutions saturated with hydrogen sulfide (1) 0.01 M l-cysteine; (2) 
= ing! M alloxantin (originally) in 0.01 M l-cysteine, minus absorbance of colloidal sulfur; (3) curve 2, minus 


a 5 12.—Effect of excess hydrogen sulfide on ultraviolet absorption spectrum of l-cystine (0.001 M in 
0.03 N hydrochloric acid. Saturated with hydrogen sulfide). (1) Immediate; (2) after twenty-eight and 
one-half hours (minus absorbance of colloidal sulfur); (3) after one hundred and seventy-one hours at 25°. 
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3, 4, 5; Fig. 6); it is seen that a gradual change, 
presumably attributable to oxidation of glutathione, 
occurred. At no time was there any indication of 
formation of dialuric acid, or of combination (9, 10) 
to give a substance exhibiting a peak at 305 my. 

l-Cysteine Solutions.—A fresh stock solution 
(0.2 M) was prepared from l-cysteine hydrochloride 
(0.3152 Gm.) made up to 10.0 ml. with 0.03 N hydro- 
chloric acid; 5.0 ml. of this solution was diluted to 
100.0 ml. with the same solvent, to give 0.01 M L- 
cysteine solution. The ultraviolet absorption spec- 
trum was recorded immediately (curve 1, Fig. 7) 
and after various time intervals (Fig. 7); it is seen 
that a gradual change occurred. In order to find 
out if this was due to aerial oxidation to /-cystine, 
the ultraviolet absorption spectrum of the latter 
was determined. 

The (initial) spectrum of /-cysteine agreed with 
that recorded in the literature (20, 21). 

i-Cystine Solutions.—-A solution (0.002 M) was 
prepared by placing 0.04806 Gm. of /L-cystine in a 
100-ml. volumetric flask, making up to 100 ml. with 
0.03 N hydrochloric acid, and stirring magnetically 
until the solid had dissolved (ninety minutes). The 
ultraviolet absorption spectrum of the solution was 
then observed (curve 2, Fig. 8). The spectrum of a 
0.001 M I-cystine solution was similarly determined 
(curve J, Fig. 8). These spectra show an indication 
of the peak at 251 my previously recorded (21); 
they were unchanged after one, ten, and sixteen days 
at 25°. [It has been stated (22) that cystine, dis- 
solved in 0.025 N hydrochloric acid, is transformed 
to cysteine after seven days at room temperature. ] 

It was then possible to ascertain the solubility of 
l-cystine in 0.03 N hydrochloric acid at room tem- 
perature (25°), as follows. /-Cystine (0.1 Gm.) 
was suspended in 100 ml. of 0.03 N hydrochloric 
acid and stirred magnetically, from time to time, 
during three days at room temperature. The sus- 
pension was then filtered and the ultraviolet ab- 
sorption spectrum of the filtrate observed (curve 
3, Fig. 8). The solution proved to be 0.004 M; 
hence, the solubility is ca. eight times that in dis- 
tilled water (23) at. 19°. 

Admixture of Alloxan Solution with /-Cysteine 
Solution.—Alloxan solution (0.0002 M; 10.0 ml.) 
was mixed with 10.0 ml. of 0.01 M cysteine solution 
(25 times the theoretical), and the ultraviolet spec- 
trum observed immediately (curve 1, Fig. 9) and 
after the elapse of twenty-four hours (curve 2, Fig. 
9) in a stoppered flask at 25°. The curve calculated 
for 0.0001 M dialuric acid plus 0.0001 M cystine 
plus 0.0048 M cysteine, which would have resulted 
had complete reaction occurred, is shown as curve 
3 (Fig. 9). Similar effects were observed when 10.0 
ml. of 0.0001 M alloxan solution was mixed with 10.0 
ml. of 0.01 M L-cysteine solution (50 times the theo- 
retical); again, there was no indication of a reaction 
(except for noticeable oxidation of the cysteine 
after twenty-four hours at 25°). 

Aerial Oxidation of Alloxantin Dissolved in /- 
Cysteine Solution.—Finely powdered alloxantin di- 
hydrate (0.06444 Gm.) was made to 1 L. with fresh 
0.01 M L-cysteine (in 0.03 N hydrochloric acid), 
and the suspension stirred magnetically in the pres- 
ence of air until the solid had dissolved. The ultra- 
violet absorption spectrum of this supposed 0.0002 
M alloxantin solution was then immediately re- 


Screntiric Eprtion 445 


corded (ninety minutes after initial admixture), and 
after the elapse of five hours and one hundred and 
forty-four hours (after initial admixture). From 
Fig. 10, it is seen that the vestigial peak at 270 my 
soon disappeared, and then oxidation of the cys- 
teine to cystine became evident. Subtraction of 
the values on the curves for correspondingly aged 
0.01 M L-cysteine solutions (see Fig. 7) from those 
shown in Fig. 10 reinforced the former conclusion, 
and indicated oxidation of the alloxantin to alloxan. 
In other words, the cysteine afforded no protective 
influence against aerial oxidation of the alloxantin 
during dissolution of the latter. This indicates 
that, at pH 1.6, dialuric acid is a more potent re- 
ductant than is cysteine. 

Action of Hydrogen Sulfide on Alloxantin Dis- 
solved in /-Cysteine Solution.—Simultaneously with 
the preceding experiment, the ultraviolet absorption 
spectra were measured for tlie 0.0002 M alloxantin 
(in 0.01 M cysteine in 0.03 N hydrochloric acid) 
saturated with hydrogen sulfide at room temper- 
ature, and for 0.01 M cysteine (in 0.03 N hydro- 
chloric acid) similarly saturated with hydrogen 
sulfide (see Fig. 11). Subtraction of the values on 
the latter curve from those on the former, followed 
by subtraction of the absorbance of the colloidal 
sulfur produced, gave curve 3 (Fig. 11) which is 
practically identical with that obtained on treat- 
ment of 0.0002 M alloxantin (in 0.03 N hydrochloric 
acid) with excess hydrogen sulfide (24). There is 
thus no doubt that, had cysteine been capable of re- 
ducing alloxantin at this pH, the peak at 270 my 
would have been readily observable. After keeping 
these solutions at 25° for six days, their spectra were 
practically unchanged, showing that (a) dialuric 
acid is stable at this pH under reducing conditions, 
and (6) the content of cystine in the cysteine was 
negligible. 

Action of Hydrogen Sulfide on /-Cystine Solution. 
—A solution (0.001 M) of l-cystine in 0.03 N hydro- 
chloric acid was saturated with hydrogen sulfide 
at 25°. After being kept (stoppered) at this tem- 
perature for six hours, liberation of sulfur became 
noticeable; after twenty-eight and one-half hours 
and one hundred and seventy-one hours, the ultra- 
violet absorption spectrum was recorded (see Fig. 
12). There was slow reduction of the cystine to 
cysteine, and after one hundred and seventy-one 
hours, the spectrum was practically identical with 
that of 0.002 M I-cysteine (in 0.03 N hydrochloric 
acid) saturated with hydrogen sulfide. [It has been 
stated (25) that hydrogen sulfide is incapable of re- 
ducing cystine to cysteine. | 


SUMMARY 


1 JLCysteine, glutathione, and L-ascorbic 
acid have no reducing effect on alloxan in aque- 
ous solution at pH 1.6. 

2. At pH 1.6, there was no evidence of com- 
bination of alloxan with glutathione to give a 
substance whose ultraviolet absorption spectrum 
exhibited a peak at 305 mu. 

3. At pH 1.6, Lcysteine affords no appre- 
ciable protective action against aerial oxidation 
of alloxantin solution; hence, at this pH, dialuric 
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acid is a stronger reducing agent than /-cysteine. 
It is, however, a weaker reductant than hydrogen 
sulfide. 
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Some Resistance Studies on a Smooth Phase and a 
Flocculent Variant of Pseudomonas aeruginosa* 


By C. GAINOR and C. K. WILLIAMSON 


The bactericidal action of heat, iodine, and 

streptomycin on two forms of Pseudomonas 

aeruginosa are reported. The flocculent vari- 

ant of the organism was more resistant to 

heat and iodine, but less toxic for mice and 

less resistant to streptomycin, than the 
smooth phase. 


HE numerous reports concerning forms of 
bacteria resistant to drug action have indi- 
cated a need for more specific information cor- 
relating recognizable bacterial characteristics 
with relative susceptibility of the organisms to 
physical and chemical agents. This informa- 
tion is particularly important in connection with 
the present practice of using as test organisms 
certain bacteria with known standard suscepti- 
bilities to antibiotics. Dissociation of the par- 
ticular organisms has necessitated considerable 
additional work (1), and indicates that mislead- 
ing evaluations of drug potency may possibly 
result if changes in bacterial characteristics are 
not detected. 
In a recent publication by McLean, et al. (2), 
the data indicated that chloramphenicol was 
more effective against a smooth type of Pseudo- 
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monas aeruginosa isolated from a patient than 
against a rough type of this organism obtained 
from the same patient. Schnitzer, et al. (3), 
reported that colonial differences in a strain of 
Micrococcus pyogenes var. albus could be cor- 
related to differences in resistance to penicillin. 

The literature contains several reports indi- 
cating that many pathogenic bacteria may exist 
in different forms in the body during natural in- 
fection and convalescence (4, 5), as well as in ex- 
perimental in vivo studies (6). In the studies 
cited above, the rough form of the respective 
organisms has been observed. 

Our choice of organism was stimulated by the 
comprehensive review by Stanley (7), dealing 
with numerous recorded studies of Pseudomonas 
aeruginosa. These studies concerned cases in 
which the organism had been associated with 
such diverse pathological conditions as genito- 
urinary, endocarditic, and blood-stream infec- 
tions. 


EXPERIMENTAL 


Culture Studies.—Viewed by transmitted light, 
the colonies of the original culture of Pseudomonas 
aeruginosa (A.T.C.C. 10,145) had a raised, opaque, 
glistening center bordered by a less opaque, dull, 

» concentric ring. The colony mass 
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tapered gradually from the outer edge of this ring 
to an irregular translucent margin. The smooth 
phase was obtained by culturing the original strain 
in Difco nutrient broth containing 1% LiCl. After 
two twenty-four-hour subtransfers in this broth, 
the resulting colonies on agar were convex, entire, 
opaque, glistening, homogeneous in 0.85% saline, 
and produced pyocyanin in good quantity. The 
flocculent variant was obtained by culturing the 
original strain in increasing concentrations of its 
own products of metabolism. The broth culture 
was Seitz-filtered and reinoculated at eight-day in- 
tervals three successive times. The flocculent 
variant was nonpyocyanogenic and clumped spon- 
taneously in 0.85% saline. The colonies had a 
raised, opaque, bead-like center and an irregular, 
lobate, translucent periphery. The surface was 
dull and finely wrinkled. It should be pointed out 
that this was not a true rough-phase culture, al- 
though similar morphological forms have been cited 
as such in the literature (8). 

The smooth phase was maintained on Difco 
tryptone-glucose-extract agar, and the flocculent 
variant was cultured on Difco nutrient agar. These 
media could not be used interchangeably without 
effecting alterations in the colonial morphology. 
However, the respective forms were stable through- 
out the course of repeated subtransfers on the 
original solid media. In all of the resistance studies, 
the flocculent cells, suspended in 0.85% saline ad- 
justed to pH 7.0, were rendered to a smooth homo- 
geneity by physical bombardment with glass beads 
in a 125-ml. Erlenmeyer flask. This was necessary 
to insure a uniform inooulum of cells in each exposure 
to heat and chemicals. The smooth cells were 
treated similarly so that conditions were kept con- 
stant. Prior to subjecting both types of cells to 
either chemical or physical agents, the cell suspen- 
sions were diluted with sterile distilled water to the 
desired turbidity. Eighteen-hour agar-slant cul- 
tures were used in all of the studies presented. All 
resistance studies were done in quadruplicate. 
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Streptomycin Studies.—Streptomycin Merck (cal- 
cium chloride complex) was prepared by dissolving 
1 Gm. of streptomycin base with 9.0 ml. of sterile 
distilled water. This stock solution, containing 
100 mg./ml. of active streptomycin, was further 
diluted with sterile distilled water to give concentra- 
tions of 100, 200, and 300 ug./ml. In this and sub- 
sequent experiments, the diluting menstruum used 
was sterile distilled water, rather than so-called 
physiological saline, to avoid introducing the possible 
additive factor of toxicity due to the salt (9). One 
milliliter of an estimated number of cells of the 
smooth phase or of the flocculent variant was ex- 
posed to the above concentrations of streptomycin 
for one, five, ten, and thirty minutes. In this man- 
ner, both exposure time and concentration of the 
antibiotic were varied. After each exposure time, 
1 mil. of the suspension was transferred to 99-ml. 
dilution blanks of sterile distilled water to nullify 
action of the streptomycin. One milliliter was then 
transferred to a Petri dish, and plates were poured 
for total counts in the usual manner. In prelimi- 
nary studies, broth cultures were made concomi- 
tantly to check for possible bacteriostasis, but these 
were discontinued because the results paralleled 
the quantitative studies. The results of the strepto- 
mycin studies are presented in Table I. The 
smooth-phase culture of Pseudomonas aeruginosa 
was considerably more resistant than the flocculent 
variant to the effects of streptomycin. This greater 
resistance was substantiated by the filter-disk assay 
method. 

Iodine Studies.—The aqueous iodine was pre- 
pared according to the modified formula for Lugol’s 
solution (U. S. P. XIV), and the 0.001, 0.0005, and 
0.0001% dilutions were made with sterile distilled 
water. The experimental procedure was the same 
as that presented under Streptomycin Studies, ex- 
cept that 9-ml. dilution blanks of 0.1 N sodium thio- 
sulfate were used to neutralize the aqueous iodine. 
The flocculent variant of Pseudomonas ageruginosa 
was more than five times as resistant as the smooth 
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TABLE I.—A CoMPARISON OF THE RELATIVE RESISTANCE TO STREPTOMYCIN OF A SMOOTH PHASE AND A 
FLOCCULENT VARIANT OF PSEUDOMONAS AERUGINOSA 


Smooth Phase at 37° Flocculent Variant at 37° 


dies 


100 75 X 27 X 10* 50 10* 40 X 90 X 10? 80 X 10* O 0 
200 85 X 10 34 X 10% 42 K 10% 28 X 10? 90 X 10* 180 0 0 
300 30 X 10* 24 X 10° =a = 18 X 10 90 0 0 0 
Control 33 X 10° He 40 X 105 13 X 10° . 20x 10° 

of surviving per ml. 


TasB_e II.—A CoMPARISON OF THE RELATIVE RESISTANCE TO AQuEOUS IODINE OF A SMOOTH PHASE AND 
FLOCCULENT VARIANT OF PSEUDOMONAS AERUGINOSA 


Smooth Phase at 37° 


Flocculent Variant at 37° 


‘6 30 1 mene io” 30 

0 0 0 40 0 0 tH) 

0 0 0 440 120 120 0 

xX 10* 14-X 10 200 22 X 11 X10* 12 X 10* 12 X 10* 


15 X 10° 


x 
12X10 17 X 
iod 
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0.001 
0.0005 45 X 10? 
0.0001 13 X 10° 74 
Control 24 X 10° = = = 
* 1 Gm. of iodine (C. P.) + 2 Gm. KI in 100 ml. of H:0! 
& Number of colonies surviving per ml. 
Q © No determinations made. 
{ 
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Tasie III.—A ComparIsoN OF THE RELATIVE RESISTANCE TO Heat aT 58° oF A SMOOTH PHASE AND 
FLOCCULENT VARIANT OF PSEUDOMONAS ABRUGINOSA 


Flocculent Variant 


Exposure Time, Min. 
Heat 0 1 5 10 15 
42x 16° 4 0 0 0 

Controle 42X10 .. . 11 XK 16 XK 108 


Time, Min. 

1 5 10 15 
4x 22 x 10? 60 

4x ee eo SEW 


@ Number of colonies surviving per ml. % No determinations made. ¢ Control at 37°. 


phase to the effects of aqueous iodine (Table I1). 
It should be noted that the initial cell concentration 
of the flocculent variant was less than that of the 
smooth phase. 

Heat Studies.—The cells of the smooth phase and 
the flocculent variant were suspended in 20 ml. of 
sterile distilled water, pH 7.0, in 50-ml. test tubes. 
The tubes were immersed in a thermostatically con- 
trolled constant-temperature water bath regulated 
at 58°. The time for an equal volume of sterile 
distilled water to be raised to 58° was determined. 
The tubes containing the test organisms were sub- 
jected to the same procedure. When the desired 
temperature was reached inside the tubes, 1-ml. 
aliquots of the respective cell suspensions were taken 
at zero, five-, ten-, twenty-, and thirty-minute inter- 
vals. This procedure was followed in order to 
avoid sudden temperature shock to the cells. These 
portions were plated directly and in serial dilutions 
of 1:100 and 1:10,000. Plates were poured for 
total counts in the usual manner. The flocculent 
variant of Pseudomenas aeruginosa was four times 
as resistant as the smooth phase to the effect of 
temperature (Table III). 

Toxicity Studies.—In a preliminary study, 36 
mice, each weighing approximately 30 Gm., were 
inoculated intraperitoneally with 0.5 ml. of an 
eighteen-hour suspension of cells in various con- 
centrations. Three groups of six mice each received 
inoculations containing 25 X 10%, 25 X 10‘, and 
25 X 10* cells, respectively, of smooth-phase organ- 
isms; three other groups of six mice each received 
inoculations containing 80 X 10°, 80 X 10‘, and 
80 X 10* cells, respectively, of the flocculent variant. 
Four of the six mice inoculated with 25 xX 10* 
smooth-phase cells died within twenty-four hours, 
whereas two of the six mice receiving 80 X 10* 
flocculent cells died in the same period. A third 
mouse from the latter group died in the twenty- 
eighth hour. The organisms were recovered from 
the heart blood in each of the dead mice. All other 
mice survived for a week. It should be noted that 
although both types of cells were toxic for the mice, 
the smooth-phase organisms exerted a greater ef- 
fect than did the flocculent type, especially since 
the cell concentration in the smooth-phase inoculum 
was less than one-third that in the flocculent inocu- 
lum. 


DISCUSSION 


The two most important findings in this study are 
that recognizable bacterial characteristics can be 
correlated with resistance to germicidal agents, and 
that the degree of resistance may differ with the 
agent employed. 

Our results are in theoretical agreement with those 
of Torrey and Montu (10), who found that a rough 
variant of Escherichia coli exhibited greater resist- 


ance to heat than a smooth phase of the same cul- 
ture. Our findings concerning the greater resistance 
of our flocculent variant both to heat and to iodine 
also parallel the results obtained by Davis, et al. 
(11). They indicated that spores of Bacillus globi- 
git displaying relatively great resistance to heat 
showed the same tendency toward iodine, whereas 
these spores and spores of the parent organism dis- 
playing less resistance to heat and iodine showed 
equal susceptibility to streptomycin. These auth- 
ors did not mention differences in bacterial charac- 
teristics of the two types of spores. Moreover, the 
efficiency of the 0.0001°% aqueous iodine against 
the smooth phase of Pseudomonas aeruginosa is com- 
parable to the performance observed by Beckwith 
and Moser (12), of an iodine tincture of the same 
concentration against Escherichia coli. The greater 
resistance of our flocculent variant is apparent. 

The slightly greater virulence for mice of our 
smooth-phase organisms conforms to the general 
concept concerning the relationship of colonial 
phases to pathogenicity (13). 

Although the data presented in Tables I to III 
are the results of single comparative tests, all similar 
trials yielded corroborative values. 


SUMMARY 


A smooth-phase culture of Pseudomonas 
aeruginosa displayed greater virulence for mice 
and greater resistance to streptomycin than did 
a flocculent variant of the same organism. 

The flocculent variant was more resistant to 
heat and iodine. 

It is suggested that resistance of bacteria to 
physical and chemical agents be correlated to 
morphological and biological characteristics of 
the bacteria. 
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A Study 


of the Toxicity 


and Local Anesthetic 


of Some Derivatives of Cumic Acid*t 


By BYRON B. WILLIAMS, Jr.,f and ELBERT VOSS§ 


Three dialkylaminoalkanol esters of cumic acid (p-isopropyl benzoic) have been 


investigated Shasmacabentnelie for acute toxicity, irritant action, and local anesthetic 
properties. Results obtained indicated that 8 iethylaminoethyl cumate hydrochlo- 
ride showed activity equal to procaine hydrochloride. It produced a slight fall in 
blood pressure and increase in respiration on intravenous injection. No prolonged 
effects were seen from doses as high as 4 cc. *> per cent. Duration of anesthesia 


"Tee dialk ylaminoalkanolesters of cumic acid 
in the form of their hydrochlorides were in- 
vestigated pharmacologically in an attempt to 
evaluate their desirability for local anesthetic 
use. Determinations of acute toxicity, irrita- 
tion, effects on blood pressure and respiration, 
and various phases of local anesthetic activity 
were made. All three compounds were found to 
be effective in local anesthetic tests and the B- 
diethylaminoethyl ester hydrochloride, on the 
basis of toxicity and anesthetic potency, com- 
pared favorably with procaine hydrochloride. 

The synthesis of derivatives of cumic (para 
isopropyl benzoic) acid has been the subject of 
several studies conducted at this laboratory. 
Carkhuff and Gramling in 1948 (1) synthesized 
several aliphatic and aromatic esters; Baxter and 
Foote (2) produced nitro derivatives; and Bryan 
and Foote in 1950 (3), with the idea of producing 
derivatives with local anesthetic activity, synthe- 
sized the following dialkylaminoalkanol esters: 8- 
dimethylaminoethyl cumate, 8-diethylaminoethy] 
cumate, and y-diethylaminopropyl cumate. The 
similarity of the structures of these compounds 
to that of procaine suggests local anesthetic 
properties, and preliminary tests by Bryan and 
Foote (3) confirmed this. The evaluation of the 
various phases of this local anesthetic activity 
and investigation of the toxicity and irritant 
properties of these three compounds was the ob- 
ject of this study. The hydrochlorides of the 
esters were used since the free esters are not water 
soluble. 
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was increased considerably by epinephrine. 
tive but inferior. 
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other two compounds were effec- 


ACUTE TOXICITY 


Median lethal doses of the three compounds were 
determined in white Swiss mice, random sex samp- 
ling, by intraperitoneal injection. The median 
lethal dose of procaine hydrochloride determined in 
the same manner as that employed for the cumic 
acid esters was used for comparison. The interpre- 
tation of the data for estimation of the LDy was 
done according to the system of Miller and Tainter 
(4). The results are presented in Table I. 

Symptoms observed were typical of local an- 
esthetic toxicity and were related to central nervous 
system stimulation. Excitement, erratic move- 
ments, convulsions which were predominantly clonic, 
and respiratory difficulties were seen. Death was 
evidently due to exhaustion and respiratory de- 
pression following excessive stimulation. A period 
of lethargy following the convulsions usually pre- 
ceded death. Following injection of procaine and 
the y-diethylaminopropyl compound a more rapid 
onset of action was observed, with death following 
more quickly than with the other compounds. There 
were no gross indications of damage on examination 
at necropsy. 


IRRITATION 


The three compounds were tested for irritant ac- 
tion by subcutaneous injection into the backs of 
rabbits. Hair was removed from the backs of the 
rabbits by use of a depilatory of equal parts of acacia 
and barium sulfide, made to a paste with water. 
Following removal of hair, further procedure was 
delayed twenty-four hours to permit recovery from 
the slight irritation of the depilatory. At the time 
of injection the skin appeared normal and free from 
irritation. Fifteen rabbits were used in testing, five 
for each compound. Three concentrations, 0.5, 3, 
and 5%, all in 0.5-cc. amounts, were injected sub- 
cutaneously into different areas of the back of each 
rabbit, and the sites were marked with ink. The re- 
sults of the injections were noted at intervals during 
forty-eight hours. Results are presented in Table 
Il. In rating degree of irritation the area of involve- 
ment, erythema, necrosis, induration, edema, and 
general appearance were considered. 

From Table II it is evident that only slight irrita- 
tion may be expected from use of 8-diethylamino- 
ethyi cumate hydrochloride in solution of 3% 
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Tasie II.—IRrITATION BY SUBCUTANEOUS INJEC- 


Tasie I.—Acute Toxicity: 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


INTRAPERITONEAL WHITE Swiss MIcE 


Vol. XL, No. 9 


_ Mortality 
Dose, LDe, 
Compound Mg./Kg. 12 Hr. 36 Hr. Mg./Kg. 
8-Diethylaminoethyl 200 0/10 0/10 370 +18.2 
cumate HCl 300 2/10 2/10 


8-Dimethylaminoethy] 


+-Diethylaminopropyl 
cumate HCl 


TION IN RABBITS 


05%, 5%, 
Compound O5Ce, 
8-Diethylaminoethy] 
cumate HCl o* 0 0 
0 0 0 
0 0 + 
0 + ++ 
0 0 ++ 
8-Dimethylaminoethy] 
cumate'HCl 0 ++ ++ 
0 + + 
0 ++ ++ 
0 + ++ 
0 0 + 
-Diethylaminopropyl 0 ++ ++ 
cumate HCl 0 ++ tt 
0 + ++ 
0 + + 
0 + + 


* 0 = Nonirritating, + = slight irritation, etc. 


strength. The 5% solution appears to be altogether 
too irritant for general use. Solutions of 0.5% of 
8-dimethylaminoethyl cumate hydrochloride appar- 
ently cause no irritation. Solutions of 3% showed 
definite signs of irritation and indicated they should 
be used with caution. The y-diethylaminopropyl 
compound appeared slightly more irritant, only the 
0.5% solution appearing to be free of irritant ac- 
tion. 


LOCAL ANESTHESIA 


Topical Anesthesia.—Abolition of the corneal re- 
flex in rabbits, a method similar to that described 
by Sollmann (5) was used in determining topical 
anesthetic potency. Preliminary screening tests 
showed that all three compounds were effective in 
abolishir z the reflex but were considerably inferior 
to cocaii.e hydrochloride, which was used as a con- 
trol. -y-Diethylaminopropyl cumate hydrochloride, 


the most effective of the three, was tested further 
by the same method. The cumic ester was applied 
to the left eye; cocaine hydrochloride to the right, 
both in a concentration of 1.5% in normal saline. 
Mean durations of anesthesia in minutes for the 10 
rabbits used were: 


y-Diethylaminopropy! cumate hy- 
16.1 + 1.9 
Cocaine hydrochloride............ 33.5 + 3.1 


Irritation from the y-diethylaminopropyl cumate 
hydrochloride application, as revealed by erythema 
of the cornea and corjunctiva, was observed in six 
of the rabbits. 

Nerve Block.—'The effectiveness of the three com- 
pounds in producing nerve block was determined 
on frogs using the lumbar plexus method of Bilbring 
and Wajda (6). Procaine hydrochloride was used as 
a control. Each compound was used in a concen- 
tration of 0.1% in 0.7% saline. Results expressed 
as time required for onset of action are presented in 
Table III. The compound which proved most ef- 
fective in this test, §-diethylaminoethyl cumate 
hydrochloride, was the subject of further testing 
by comparison with procaine in ability to produce 
nerve block in the sciatic nerve of the rabbit. The 
method of Schmitz and Loevenhart was used (7). 
In experiments on four rabbits, the cumate com- 
pound applied to the right sciatic, procaine to the 
left, there was abolition of the respiratory response 
by both compounds in 0.5% solution, the 0.1 and 
0.3% solutions proving ineffective in both instances. 

Infiltration Anesthesia.—Anesthetic activity fol- 
lowing infiltration of each of the three compounds 
was evaluated by the guinea-pig wheal method of 
Bilbring and Wajda (6). Preliminary tests showed 
that a 0.1% solution was effective in producing an- 
esthesia, and the three cumate compounds and pro- 
caine used as a control were employed at this con- 
centration in 0.25-cc. injections. Results, expressed 
as the means of failure of response to pin pricks dur- 
ing the thirty-minute testing period, are presented 


‘ 
450 
400 4/10 7/10 
450 4/10 7/10 
500 8/10 9/10 
600 10/10 10/10 ; 
PY 350 4/10 4/10 376 +18.8 
400 3/10 5/10 
450 9/10 9/10 : 
500 8/10 10/10 
200 0/10 0/10 238 +15.5 
225 4/10 4/10 
250 6/10 6/10 : 
275 4/10 7/10 
300 10/10 10/10 
350 10/10 10/10 
Procaine HCl 200 0/10 0/10 275 +12.6 : 
250 3/10 3/10 
275 5/10 5/10 
300 7/10 7/10 / 
400 10/10 10/10 : 
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TABLE III.—Time or Onset oF LumBar PLExus ANESTHESIA, IN MINUTES 


Diethylamino- 8-Dimet'! 


Gen te HCI, ethyl Cs Hl, 
iy! Cuma yl Cumate 
0.1% 0.1% 


on 


4.5 


5 
3 
7 
4 
1 
2 
3 
3. 
4 
3. 
0 


5 
7 
52 


aa 


aan 


TasB_e IV.—INTRADERMAL ANESTHESIA IN GUINEA PIGS 


No. of Times No Response to Pin Pri 


cks—— 
—G. P. L— —G. P. —G. P. —G. P.IV- —G., P. V.— 
Front 


Compound Front Back Front Back Front Back 
Procaine HCl, 0.25 cc., 0.1% 20 25 18 


8-Diethylaminoethyl cumate HCl, 

0.25 cc., 0.1% 14 30 
8-Dimethylaminoethyl cumate 

HCl, 0.25 cc., 0.1% 3 4 
-Diethylaminopropyl cumate 

HCl, 0.25 ce., 0.1% 


Back Front Back 
20 


21 


in Table IV. They indicate that the §-diethyl- 
aminoethyl and the -+-diethylaminopropyl com- 
pounds are approximately equal to procaine in pro- 
ducing this type of anesthesia. The only sign of ir- 
ritation from these injections was a slight and tran- 
sient erythema following injections of the y-diethyl- 
aminopropy] derivative. This was observed in only 
four of the ten injections of this compound. 

Since, on the basis of the toxicity, irritation, and 
local anesthesia tests, the 8-diethylaminoethyl com- 
pound proved to be the most desirable of the three 
for local anesthetic use, further testing was con- 
fined to it. 

Another test of infiltration anesthesia was de- 
vised which was based on the ability of the subcu- 
taneously injected anesthetic to abolish the wink 
reflex response to touching the lower eyelid of the 
rabbit. The eyelashes were clipped and the normal 
response was tested by touching the lower lid with 
the point of a pencil. The anesthetic solution was 
injected subcutaneously into the lower lid just below 
the point of emergence of the cut eyelashes. One 
cubic centimeter of 0.3% solutions of 8-diethyl- 
aminoethyl cumate hydrochloride and procaine 
hydrochloride were injected into both eyes of each 
rabbit, each solution given in two 0.5-cc. injections 
approximately 1 cm.apart. Since anesthesia was im- 
mediate in both cases, only duration of anesthesia 
was recorded. Ten rabbits were used in the test. 
The results are presented in Table V and show the 
two compounds to be of approximately equal anes- 
thetic activity. To test the validity of this method, 
injections of the solvent (distilled water) were made 
in the same manner. Two injections of 0.5 cc. each 
injected into the lower eyelid caused only a light 
anesthesia for a short time. Injections of 0.25 cc. 
produced no anesthesia in any of the animals tested, 
whereas injections of procaine hydrochloride in 0.1% 


solution in both these amounts produced definite 
anesthesia for from fifteen to thirty minutes. 

Potentiation by Epinephrine.—Experiments were 
performed to determine the effect of epinephrine 
when used in conjunction with the anesthetic. It 
was found that anesthesia is prolonged by epi- 
nephrine. Without epinephrine, as tested by injections 
of 0.1% solutions of the drug into the lower eyelids 
of seven rabbits, the mean duration of anesthesia 
was ten minutes. After addition of 1:40,000 solu- 
tion of epinephrine, the same concentration pro- 
duced local anesthesia which had a mean duration 
of fifty-three minutes. 

Spinal Anesthesia.—Spinal anesthesia was pro- 
duced in three dogs using §-diethylaminoethy] 
cumate hydrochloride, and in one dog using procaine 
hydrochloride. Aseptic technique was employed in 
all except one dog, in which case the solution of the 


V.—DvuRaATION OF INFILTRATION ANES- 
THESIA IN LOWER EYELID oF RABBIT 


Cumate Procaine HCI, 
0.3 1 ce.,0.3% 
19 25 

17 

20 

17 


to 


| 
\ 6.5 
| 
im 
i] 
Mean 
2 9 orig! tg” 
| q 
| 
| 
| 
} a 
a . 
Rabbit | 
I 
ll 
lll 
IV 
25 
VI 23 ‘ 
VII 22 J 
VIII 1 33 
IX 18 ‘ 
x 16 
Mean 23 
Std. Error |_| +1.7 
* Discarded. 
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TaBLeE VI.—Sprinat ANESTHESIA IN Docs 


Weight, Kg. Anesthetic 


7.5 Procaine HCl 


4 8-Diethylaminoethyl 


cumate H 


cumate HC 
8-Diethylaminoethyl 
cumate HCl 


6 8-Diethylaminoethyl 
6 


Dose Duration 
4% 1 hr. 10 min. 
V/s00., 4% 1 hr. 32 min. 
4% 40 min. 


4% 50 min. 


cumate ester hydrochloride was left unautoclaved 
to determine any loss of activity which might be 
due to hydrolytic destruction as a result of auto- 
claving. 

Injections according to standard procedure were 
made into the subarachnoid space at a point between 
the fifth lumbar and first sacral vertebrae. With- 
drawal of spinal fluid confirmed the correct position 
of the needle. Following injection, the dogs were 
held in position for several minutes. At intervals 
the skin in the hind quarter of the body was pinched 
with toothed forceps to determine the beginning and 
end of anesthesia. The results of these injections are 
given in Table VI, from which it is evident that §- 
diethylaminomethyl cumate hydrochloride is ef- 
fective in producing spinal anesthesia. Motor 
nerves were also affected. The onset of this action 
was not as rapid as the sensory nerve action; how- 
ever, in all cases there was complete loss of the motor 
function in the area involved, evidenced by the in- 
ability to use the hind legs in walking. The dur- 
ation of this action was slightly less than the sensory 
effect in dogs I, II, and III. In dog IV there was 
persistence of motor paralysis after return of response 
to sensory stimuli had begun. The effectiveness of 
the compound was apparently affected only slightly 
if at all by autoclaving. Although one procaine 
control is not sufficient basis tor a statistical conclu- 
sion, the indication is that the cumate compound is 
slightly less effective than procaine in producing 
spinal anesthesia. The dogs were observed for two 
weeks following injection. Dog II injected with the 
cumate compound showed a slight stiffness in the 
hind quarter for forty-eight hours. None of the 
other dogs showed any symptoms of damage. 


BLOOD PRESSURE AND RESPIRATION 


The effects of 8-diethylaminoethyl cumate hydro- 
chloride on blood pressure and respiration were de- 
termined in experiments on three dogs by cannula- 
tion of the tracheae and left carotid arteries. In- 
jections were made through cannulated femoral 
veins. 

There were no significant changes in blood pres- 
sure on injection of a 1% solution in doses as high 
as4cc. The only effect on respiration was a slight 
and momentary respiratory apnea. 

Effects from injection of the 3% solution were 
of short duration and of no great magnitude. Fol- 
lowing 1-cc. doses there was a slight rise, followed by 
a greater fall in blood pressure. Pulse pressure in- 
creased as pressure returned to normal. Respi- 
ration changes consisted of a momentary apnea fol- 
lowed by a slight increase in rate and amplitude. 
Doses of 4 cc. caused the same type of blood pres- 
sure response, with a more predominant fall in pres- 


Respiration 


-diethylaminoethy! 
cumate 


| Time — 5 seconds 


Figure 1 


sure after the preliminary rise. Respiration was 
increased in amplitude and rate. These changes were 
of short duration and were followed by complete 
return to normal as Fig. 1 shows. Effects of the 
cumate compound were similar in pattern and mag- 
nitude to those following intravenous injection of 
the same doses of procaine hydrochloride. 


SUMMARY 


Three dialkylaminoalkanol esters of cumic acid 
in the form of the hydrochlorides have been in- 
vestigated pharmacologically in an attempt to 
evaluate their practicality for use as local anes- 
thetic agents. 

On the basis of toxicity, irritation, local anes- 
thesia tests, and blood pressure and respiration 
determinations, 8-diethylaminoethyl cumate hy- 
drochloride compared favorably with procaine 
hydrochloride. 
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The other two derivatives, 8-dimethylamino- 
ethyl cumate hydrochloride and y-diethylamino- 
propyl cumate hydrochloride, were effective in 
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local anesthetic tests, but proved less desirable 
on the basis of toxicity, irritation, and degree of 
anesthesia produced. 
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A Comparative Study of the Biological and Chemical 
Assays of Aureomycin Treated Under Certain 
Conditions* 


By S. W. GOLDSTEIN,+ D. C. GROVE,{ W. W. WRIGHT,{ A. KIRSHBAUM,{ and 
H. R. HERNANDEZt 


When oxenmyein hydrechloride is heated in the presence of water, the bioassay 
shows a lower potency value than is indicated by physicochemical assay methods. 


Hydrolytic degradation products of aureomycin hydrochloride influence 


physico- 


chemical assay results, but products resulting from thermal degradation of aureo- 
mycin hydrochloride do not interfere with the chemical assays. Physicochemical 
assay methods can be substituted for the bioassay when a comparison of the two 
fe sent od has shown agreement. The potency of aureomycin hydrochloride in 
latin positories prepared according to the U. S. P. procedure can 

e 


bioassay method. The effects of different treatments upon 


itraviolet spectrum of aureomycin are reported. 


Ts STUDY was undertaken to determine the 
stability of aureomycin during the manu- 
facture and the storage of glycerinated gelatin 
suppositories of aureomycin hydrochloride. 
Bioassay and physicochemical assay methods 
were used to determine the active concentra- 
tion of aureomycin. The turbidimetric method 
(1) utilizing M. pyogenes var. aureus (P. C. I. 
209-P and American Type Culture Collection 
6538-P) was used for the bioassays. Two physi- 
cochemical methods were employed: (a) A 
colorimetric method based on the spectrophoto- 
metric measurement of the yellow color developed 
when aureomycin is heated with acid (2). (0) 
A direct spectral method based on the measure- 
ment of the light transmitted by aqueous acid 
solutions of aureomycin hydrochloride at 369 


* Received July 6, 1951, from the Laboratory of the 
AMERICAN PHARMACEUTICAL ASSOCIATION and the Federal 
Security Agency, Food and Drug Administration, Division 
of Antibiotics, Washingt gton, D.C. 
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my (3). Data obtained with solutions of aureo- 
mycin hydrochloride at wave length 369 my show 
that the values obtained are in accord with 
Beer’s law (Fig. 1). 

Results obtained on aureomycin suppositories 
by the bioassay method showed a lower potency 
than was indicated by the physicochemical meth- 
ods. This led to further study of these methods 
when applied to aureomycin hydrochloride that 
had been treated under different conditions, in 
order to ascertain whether the chemical methods 
measure degradation products in addition to ac- 
tive aureomycin. 


EXPERIMENTAL 


Two batches of aureomycin glycerinated gelatin 
suppositories were prepared to contain 105 mg. of 
aureomycin hydrochloride per suppository as fol- 
lows: the weighed quantity of aureomycin hydro- 
chloride was suspended in a small quantity of warm 


' Biological assay 96 colorimetric assay 104 
direct spectral assay 101%. The h 
was obtained the of Leder 
Division, American Cyanam 
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Fig. 1.—Standard curve showing the relation of 
aureomycin hydrochloride concentration in 0.1 N 
HC! to optical density at 369 mu. 


glycerin. This suspension was then transferred toa 
sufficient quantity of melted U. S. P. glycerinated 
gelatin base (on a bath at 100°). The thoroughly 
mixed mass was then poured into molds and refrig- 
erated. The addition, mixing, and pouring into 
molds required maintenance at about 100° for ap- 


proximately ten to fifteen minutes. The supposi- 
tories were prepared for assay as follows: an indi- 
vidual suppository and 200 cc. of distilled water 
were placed in a Waring blendor jar and blended for 
five to ten minutes. Aliquots of this stock solution 
were further diluted and assayed by the biological 
and chemical methods previously mentioned. 

The suppositories were stored in a refrigerator and 
samples were taken for assay at various intervals. 
The results obtained are shown in Table I. Allow- 
ing for the possibility that individual suppository 
variations could be partly attributable to uneven 
drug distribution and to assay deviations, the re- 
sults obtained show that: (a) The biological assay 
method gives values considerably lower than those 
obtained by either of the physicochemical meth- 
ods. (b) The bioassay indicates that there is a fur- 
ther loss of potency during storage in the refriger- 
ator. (c) The colorimetric assay method tends to 
give slightly higher results than the direct spectral 
measurement method at 369 mu. 

Because the biological assay showed a loss of about 
33% of potency on Lot 1 on the same day the sup- 
positories were prepared, it was suspected that this 
loss of activity was due to degradation of aureomy- 
cin by heat and moisture present during prepara- 
tion. In order to eliminate the possibility that the 
glycerin or gelatin might have some effect on the 
growth of the organism used in the biological assay, 
a blank glycerinated gelatin suppository containing 
no aureomycin was assayed and showed no effect on 
the organism. Standard aureomycin when added 
to the stock solution of the blank suppository gave 
100% recovery by the bioassay method. The solu- 
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TaBie I.—BroLocicaL AND CuHemicaL Assay DaTA 
AUREOMYCIN GLYCERINATED GELATIN Sup- 
POSITORIES STORED IN REFRIGERATOR 


Storage, ethod. hod. Method, 
No. Days Me. /Supp. Mg./Supp. Mg./Supp. 
1 67.1 91.0 


ERR: 


107.5 
109.7 
109.6 
106.5 
106.7 
100.7 


60.0 


tion of the blank suppository showed no absorption 
at 369 mu and also gave no interference in the colori- 
metric assay. 


EFFECT OF VARIOUS TREATMENTS UPON 
AUREOMYCIN 


Portions of dry aureomycin hydrochloride powder 
were oven-heated at 100° for periods of fifteen min- 
utes to three hours, and at 200° for thirty to ninety 
minutes. The heating at 200° for ninety minutes 
caused a discoloration of the powder. The results 
which are given in Table II show that the dry pow- 
der is stable at 100° and is slowly decomposed at 
200°. Essentially the same potency value, how- 
ever, was obtained on the decomposed material by 
all assay methods. 


Tasie Il.—Errect or Heat Upon Dry AvRgo- 
MYCIN HYDROCHLORIDE 


Time in Oven b ug./Mg. 
15 min., 100° aa 1,011 


1,000 

990 
1,006 
1,000 


1,020 
90 min., 200° 603 645 


Aureomycin hydrochloride powder was dissolved 


in boiling water and the solution was kept at 100° 


for a total of fifteen minutes. No change was 
noted in the spectral curve maxima for aureomycin 
in water. Nochange was noted in the spectral curve 
maxima after keeping an aqueous solution of aureo- 
mycin hydrochloride (pH 3.3) at room temperature 
for two days. Spectral curves for 0.1 N acid solu- 
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.500 
400 97.2 
98.2 
103.8 
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98.3 | 
200 94.9 
2 100.8 
108.8 
400 109.5 
110.0 
| 
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; 
Method. Method, Method, | 
988 
30 min., 100° 1,001 
90 min., 100° 1,000 943 
90 min., 100° 1,017 } 
3hr., 100° 1,007 
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Aureomycin hydrochloride in water 
(pH 3.3) 
Aureomycin hydrochloride in 0.1 N HCl 
Soln. 1 heated at 100° for 15 minutes 
Soln. 3 plus acid to 0.1 N in HCl 
Soln. 1 with blank glyc. gel. suppository 
Soln. 5 plus acid to 0.1 Nin HCl 
Soln. 5 heated at 100° for 15 minutes 
Soln. 7 plus acid to 0.1 Nin HCl 
Soln. 1 after 2 days at room temperature 
Soln. 9 plus acid to 0.1 Nin HCl 
Heated dry drug at 100° for 15 minutes 
then dissolved in distilled water 
Solin. 11 plus acid to 0.1 Nin HCl 
~*~ soln. of compounded suppository 
No. 1 
Aq. soln. of compounded suppository 


ey 


~ 


No. 2 
Soln. 13 plus acid to 0.1 Nin HCI 
Soln. 14 plus acid to 0.1 Nin HCI 
Soln. 13 after 4 days at 9° 
Soln. 17 plus acid to 0.1 N in HCl 


270 
258 


® All the transmissions were measured in a Beckman DU Spectrophotometer using a hydrogen lamp and water as a blank. 


Where acid is indicated, it was added just 


tions of the drug, tested fresh and after two days at 
room temperature, showed no appreciable change 
inshape. Addition of acid to 0.1 N after heating an 
aqueous solution of the drug for fifteen minutes at 
100° did not alter the shape of the curve obtained 
with the unheated acid solution. Solutions prepared 
from a compounded glycerinated gelatin suppository 
of aureomycin hydrochloride, or from the drug dis- 


T T 


ABSORBANCE 


WAVELENGTH, my 


Fig. 2.—Aureomycin hydrochloride 20 yug./cc. in 
water. Readings were made after addition of HCl 
acid in each case. 

Control —--—--; control plus blank glycerinated 
gelatin suppository ----; control heated at 100° 
for fifteen minutes ; control plus blank sup- 
pository heated at 100° for fifteen minutes - - - - 


solved in a solution of a blank suppository, com- 
pletely lost the absorption maximum at 230 my 
(water or acid), and the maxima at 274 my (water), 
262.5 my (acid), and 369 my (water) were shifted. 
However, the maximum observed at 369 my in 0.1 
N hydrochloric acid solutions was not appreciably 
disturbed by any of the above conditions or added 
materials (see Table IIT). 


wr 


1 
200 250 300 350 


WAVELENGTH, mu 
a. 3.—Aureomycin hydrochloride 20 yg./ce. in 


"“Conteel (pH 3.3) —--—; trol p 
glycerinated gelatin suppository (pH 4. 3)— 
control heated at 100° for fifteen minutes ————; 
control plus blank suppository heated at 100° for 
fifteen minutes 
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III.—AssorPTiON MAXIMA OF AUREOMYCIN AFTER VARIOUS TREATMENTS* 
Soln. Absorption Maxima 
} No. in mp 
1 
\ 230 274 
230 262.5 
230 274 
230 262.5 
None 274 
yf None 266 
None 274 
None 266 
230 274 
230 266 
230 276 
230 268 
None 269 
14 
None 268 
15 None 266 5 
one 
| 18 None | 
| 
be 
| 
os 
\ 
| 
06 4 8 o6 
| 02 4 02 4 
; 
4 
4 
| 
| | 
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Taste IV.—Errect oF at 100° Upon 
AUREOMYCIN HYDROCHLORIDE AS INDICATED BY 
BIOLOGICAL AND PHysicocHEMICcAL Assay RESULTS 


Typical spectral curves for aureomycin in the 
ultraviolet band are given in Figs. 2 and 3. These 
curves also show the changes in absorbancy at the 
maximum at 369 mu. The maximum at 369 my is 
not shifted by any treatment that aureomycin might 
be subjected to in the proper preparation of its 
usual dosage forms. When aureomycin has been 
altered by means of water, the spectral absorbance 
is lowered to an appreciably greater extent at 369 mu 
than at the maxima at 230 and 274 mu. 

The effect of heat and water upon the potency as 
measured by the biological and physicochemical 
methods is shown in Table IV. These values were 
obtained by adding 1 Gm. of aureomycin hydro- 
chloride powder to 20 cc. of boiling water and main- 
taining at 100°. It appears that when aureomycin 
is heated in water at 100° for periods up to thirty 
minutes, the bioassay shows a 12-15% greater loss 
in activity than is indicated by the physicochemical 
assay methods utilized. 


SUMMARY 


1. Aureomycin hydrochloride glycerinated 
gelatin suppositories prepared by the U. S. P. 
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method show a loss of potency of the aureo- 
mycin when measured by the biological assay 
method. The two physicochemical methods used 
failed to measure this loss of potency and show 
that such methods would be unreliable for the 
assay of this preparation. 

2. Aureomycin hydrochloride when heated 
in the dry state at 100° for ninety minutes showed 
no loss in potency by either the bioassay or physi- 
cochemical methods. When heated at 200° for 
ninety minutes, a loss in potency of approxi- 
mately 40 per cent was obtained by both bioassay 
and chemical methods, indicating that the dry 
heat degradation products are not measured by 
the chemical methods. 

3. When aureomycin hydrochloride is heated 
in the presence of water, the bioassay gives a 
lower potency value than the physicochemical 
methods, indicating that the latter methods 
measure some of the inactive hydrolytic degrada- 
tion products in addition to active aureomycin. 

4. Bioassay methods are the only reliable 
means of measuring the antibiotic activity of 
aureomycin. " Physicochemical methods, how- 
ever, may be substituted when a comparison of 
the two methods has shown agreement. 
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American Association for the Advancement of Science—Pharmacy 
Subsection Meeting 


The next meeting of the Americar .ssociation for the Advancement of Science will be held in 
Philadelphia on December 26-31, 1951. The program of the Pharmacy Subsection of the Medical 
Sciences is being made up. Six sessions of this Subsection will be held. Members are invited to 
attend the meetings of the Section on Medical Sciences, Subsection on Medicine, and the Section on 
Chemistry. 

Arrangements will be made for advance registration. Advance registrants will be sent a copy 
of the General Program before the meeting. See Science or Scientific Monthly in late August or Sep- 
tember. 

Authors who wish to present papers before the Subsection are requested to send in titles of papers 
as soon as possible. All titles for inclusion in the printed program must be in the hands of Glenn L. 
Jenkins, Chairman, Subsection Np, Purdue University, School of Pharmacy, Lafayette, Ind., by Sep- 
tember 15. 
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Disinfection of Clinical Thermometers* 


By LOUIS GERSHENFELD, ARTHUR GREENE, and BERNARD WITLIN 


The antibacterial efficiency of each of several 
iodine solutions and different concentrations 
of ethyl alcohol and of isopropyl alcohol has 
been determined in connection with their 
use in the cold disinfection of clinical ther- 
mometers. Iodine tincture and iodine solu- 
tion N. F. were found to be more effective 
than either of the alcohols for the quick disin- 
fection of clinical thermometers i 

with many of the commonly found bacteria. 


SEARCH of the literature on methods of 

disinfecting thermometers revealed only 
an occasional published study on the use of 
chemicals for the cold disinfection of clinical 
thermometers. It was therefore deemed advis- 
able to study and evaluate the efficiency of some 
readily procurable compounds to be recom- 
mended for disinfecting thermometers. This 
study was conducted on the commonly used io- 
dine preparations and various alcoholic solutions, 
compounds which are readily available, are 
economical, and are frequently employed as dis- 
infectants. 


EXPERIMENTAL 


The compounds used were: (a) iodine solution 
(2%) N. F. IX; (0) iodine tincture (2%) U.S. P. 
XIV; (c) ethyl alcohol, 95%; (d) ethyl alcohol, 
70% by weight (815 cc. of ethyl alcohol 95% at 
25° and 1,000 cc. sterile distilled water); (¢) ethyl 
alcohol, 50% by volume (45 cc. of ethyl alcohol 
95% and 50 cc. of sterile distilled water); (f) iso- 
propyl alcohol, 70% by volume; and (g) isopropyl 
alcohol, 50% by volume. 

The tests were conducted on graduated clinical 
thermometers, which were cut into sections two 
inches long and sealed at both ends. 

Technique.—(a) The thermometer pieces to be 
tested were washed with soap and hot water and 
then placed in chemically clean clay-top Petri dishes 
and sterilized in the hot air oven at 170° for one hour. 

(6) The organisms used in this study were Dip- 
lococcus pneumoniae, Staphylococcus aureus, Strep- 
tococcus hemolyticus, Streptococcus fecalis, and Es- 
cherichia coli. 

(c) Each test organism was transplanted at 
twenty-four-hour intervals in F. D. A. broth, prior 
to its use in the test. The clinical thermometer 


sections in the Petri dishes were covered by the cul- © 


ture of the test organism, so that 0.5 ml. of a twenty- 
four-hour broth culture was in the dish for each 
clinical thermometer section. The culture was 
swirled in the dish about the thermometer sections. 
(d) The Petri dishes were placed in the incubator 
at 37° until the test organisms were thoroughly 


* Received June 7, 1951, from the tm ~ DA 
teriology, Philadelphia College of Pharmacy and Science. 


dried onto the thermometers.! This technique was 
followed except where otherwise indicated. 

(e) The disinfectant to be tested was poured into 
a sterilized glass beaker (50-cc.) and the contami- 
nated thermometer sections were transferred by ster- 
ile forceps from the Petri dish into the disinfectant 
solution. The thermometer sections remained 
in the disinfectant solution at 20° for a designated 
test period. They were then removed from the 
solution, rinsed for ten seconds in a beaker of sterile 
distilled water, and finally transferred to a tube of 
F. D. A. broth.? The transplant tubes were in- 
cubated for forty-eight hours at 37° and then ex- 
amined for the presence or absence of growth. When 
iodine (tincture or solution) was used, 1% sodium 
thiosulfate was added to the broth as a halogen in- 
activator. 

(f) It was deemed advisable to observe what effect 
organic matter, in addition to that already present 
in the culture, might have in its interference with the 
disinfecting action of the solution under test. For 
this purpose citrated human blood plasma was added 
to the culture-media tubes containing the twenty- 
four-hour growth of S. aureus. Citrated human 
blood plasma was added to the S. aureus culture 
tubes to obtain a total concentration of either 25 
or 50%, and the contents of the tubes were mixed 
thoroughly. 

(g) The plasma-culture mixture was poured over 
the thermometer sections in the Petri dish; 0.5 ml 
was added for each thermometer section used. 

(hk) Control tests were conducted simultaneously 
with all of the experiments. The thermometer 
section used as the positive control was treated 
similarly to the method described under (a), (6), (c), 
(d), and (e), with the modification that the ther- 
mometer section was not immersed in the disinfec- 
tant solution, but was placed immediately into the 
broth tube. 

Findings.—(a) It was observed that iodine solu- 
tion (2%) killed S. fecalis following a one-hundred- 
second immersion of the thermometer section, 
whereas iodine tincture (2%) killed the organism 
after sixty seconds. Alcohol solutions, ethyl 50%, 
ethyl 70%, isopropyl 50%, and isopropyl 70%, were 
ineffective in preventing S. fecalis growth within one 
hundred and twenty seconds. (Table I.) 

(5) All test solutions killed S. hemolyticus within 
a twenty-second immersion interval, with the ex- 
ception of ethyl alcohol 95% which required eighty 
seconds to destroy this organism under conditions of 
thetest. (Table II.) 

(c) D. pneumoniae was killed by all test solutions 
within twenty seconds. (Table III.) 

(d) Iodine solution (2%) and iodine tincture (2%) 
killed EZ. coli within one hundred seconds. Alcohol 
solutions, ethyl 70%, isopropyl 70%, and isopropyl] 


1D. pneumoniae and S. hemolyticus lysated when dried, 
aod left in the liquid state. 
and S. hemolyticus, 


d with D. p 
broth was used as the medium. 
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50%, killed this test organism within one hundred 
and twenty seconds. Ethyl alcohol (95%) did not 
kill E. coli within one hundred and twenty seconds 
under conditions of the test. (Table IV.) 

(e) Using S. aureus as the test organism, it was 
observed that iodine solution (2%) killed S. aureus 
within twenty-four seconds, whereas iodine tincture 
(2%) required only sixty seconds to kill the test 
organism. Isopropyl alcohol (70%) required three 
minutes to kill S. aureus. Alcohol solutions, ethyl 
50% and 70%, and isopropyl alcohol 50%, killed 
S. aureus within five minutes. Ethyl alcohol 95% 
was ineffective as a disinfectant against S. aureus at 
all time periods employed. (Table V.) 

(f) In tests conducted with a 50% citrated human 
plasma-culture mixture, using S. aureus as the test 
organism, it was observed that iodine solution (2%) 
killed S. aureus within five minutes. Iodine tinc- 
ture (2%), ethyl alcohol 50% and 70%, and isopro- 
pyl alcohol 50% and 70% did not kill S. aureus fol- 
lowing a ten-minute immersion of the contaminated 
thermometer sections in the above mixture. (Table 
VIL.) 
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(g) In tests conducted with a 25% citrated human 
plasma-culture mixture, using S. aureus as the test 
organism, iodine solution (2%) killed the test or- 
ganism within three minutes. Solutions of iodine 
tincture (2%), ethyl alcohol 50% and 70%, and iso- 
propyl alcohol 50% and 70% did not kill S. aureus 
within ten minutes. (Table VII.) 


SUMMARY 


The antibacterial efficiency of various commonly 
used iodine solutions and different alcohols as agents 
for the cold disinfection of clinical thermometers was 
determined. The compounds used were iodine 
solution (2%) N. F. IX, iodine tincture (2%) U.S. P. 
XIV, ethyl alcohol (95%), ethyl alcohol (70% by 
weight), ethyl alcohol (50% by volume), isopropyl 
alcohol (70% by volume), and isopropyl alcohol 
(50% by volume). 

Graduated clinical thermometers which were cut 
into sections two inches long and sealed at both ends 
were used. The clinical thermometer sections were 


Tasie I.—Revative Erriciencigs or DISINFECTANT SOLUTIONS AGAINST S. FECALIS AFTER IMMERSION OF 
THERMOMETER SECTIONS 


Disinf 


Immersion Time of 


Thermometer in Tod. Soln. Tod. Tr. 
Disinfectants, Sec. 2% Is 2% Is 


Control Thermometer 
20 


40 
60 
80 
100 
120 


Ethy! Alec. Ethyl Isop. Alc. Isop. Alc. 
oh 50% Ale w/v 10% w/v 50% 


_ = Growth after for forty-eight hours. 
0 = Growth after forty-eight hours. 


Tasie II.—Revative Erriciencigs or DISINFECTANT SOLUTIONS AGAINST S. HEMOLYTICUS AFTER IMMERSION 
OF THERMOMETER SECTIONS 


Immersion Time of 
Thermometer in 
Disinfectants, Sec. 


Control Thermometer 
20 


40 
60 
80 
100 
120 


+= Growth after forty-eight hours. 
0 = Growth after forty-eight hours. 


Di ts Tested 
Ethyl Ethyl Ethyl Isop. 
Alc. Alc. Alc. Alc. 
95% 70% 50% 70% 


+ 
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Tasie III.—Revative Erricrencies or DisiINFECTANT SOLUTIONS AGAINST D. PNEUMONIAE AFTER IMMER- 
SION OF THERMOMETER SECTIONS 
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sterilized in the hot-air oven (one hour at 170°). 
The sterile sections were treated with cultures of 
test bacteria. 

The test organisms used in the study were Diplo- 
coccus pneumoniae, Staphylococcus aureus, Strepto- 
coccus hemolyticus, Streptococcus fecalis, and Escher- 
ichia coli. Tryptic digest broth was used as the 
transplant medium for S. hemolyticus and D. pneu- 
moniae. The other test organisms were transplanted 
into F. D. A. broth. 

One-half milliliter of a twenty-four-hour culture 
of each test organism was placed separately in a 
Petri dish for each thermometer section. The Petri 
dishes were placed in the incubator at 37° until the 
test organisms thoroughly dried onto the thermom- 
eter sections. D. pneumoniae and S. hemolyticus 
were found to lysate when dried; accordingly, the 
sections were merely impregnated with the liquid 
cultures. 


Screntiric 


The disinfectant to be tested was poured into a 
sterilized glass beaker and the treated thermometer 
sections were aseptically transferred by forceps from 
the Petri dish into the disinfectant solution. The 
treated thermometer sections remained in the disin- 
fectant solution at 20° for the designated time 
period, rinsed for ten seconds in sterile distilled 
water, and transferred to a tube of F. D. A. broth 
(S. hemolyticus and D. pneumoniae were transferred 
to tubes containing tryptic digest broth). Ther- 
mometer sections treated with iodine solutions were 
transferred after treatment to media containing 1% 
thiosulfate. The transplant tubes were incubated 
for forty-eight hours at 37°, and the cultures were 
examined for observation of growth. 

In order to determine the effect of large quanti- 
ties of organic matter upon the disinfectants under 
test, citrated human blood plasma in concentrations 
of 25 and 50%, was added to the initial culture 


Tasie IV.—Revative EFFicreNncies OF DISINFECTANT SOLUTIONS AGAINST E. COLI AFTER IMMERSION OF 
THERMOMETER 


lod. 
Tr. 
2% Is 
+ 
+ 
+ 


0 
0 


95% 


ot+t++++ 
ot+tt++++ 
ot+tt+t+++ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 


+ = Growth after forty-eight hours. 
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Taste V.—RBLATIVE EFFICIENCIES OF DISINFECTANT SOLUTIONS AGAINST S. AUREUS AFTER IMMERSION 
oF THERMOMETER SECTIONS 


Immersion Time of 
Thermo: 


ttt + 


SE 


+ = Growth after forty-eight hours. 
0- after forty-eight hours. 


Tas_e VI.—RBLATIVE EFFICIENCIES OF DISINFECTANT SOLUTIONS AGAINST S. AUREUS AFTER IMMERSION OF 
THERMOMETER SECTIONS COATED WITH A 50% CrtRaTEp HuMAN PLasma-S, AUREUS CULTURE MIXTURB 
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Tasie VII.—Revative Erriciencies oF DISINFECTANT SOLUTIONS AGAINST S. AUREUS AFTER IMMERSION 
or THERMOMETER SECTIONS COATED WITH A 25% CiTRATED HUMAN PLasMa-S. AUREUS CULTURE MIXTURE 


Disinfectants Tested 


Immersion Time of 
Thermometer in Test 
Disinfectant, Min. 


Control Thermometer 
1 


83 


2 
3 
4 
5 
10 


Ethyl Ethyl 
ic. 
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+++++4++ 
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+= ‘Growth in forty-eight hours. 
0 = Growth in forty-eight hours. 


media tubes containing a twenty-four hour growth of 
S. aureus. 

Treated thermometer sections, not immersed in 
the disinfectant solution but placed immediately 
into the broth tube, were employed as positive con- 
trols. 


CONCLUSIONS 


1. In tests conducted against S. hemolyticus 
the iodine (tincture 2% and solution 2%) and 
alcohols, with the exception of ethyl alcohol 
95%, killed the test organisms within twenty 
seconds. 

2. Iodine tincture 2% (U. S. P. XIV) and 
iodine solution 2% (N. F. IX) killed S. fecalis 
within one hundred seconds, while the alcohol 
disinfectants did not kill within one hundred 
and twenty seconds. 

3. The iodine preparations killed E. coli more 
quickly than did the alcohols, while ethyl alcohol 
95% did not kill within one hundred and twenty 
seconds. 

4. Iodine tincture (2%) killed S. aureus 
within eighty seconds, while iodine solution 2% 


required one hundred and twenty seconds to kill. 
Ethyl alcohol 95% was ineffective against S. 
aureus within ten minutes. The most efficient 
alcohol was isopropyl 70%, which killed S. aureus 
within four minutes, while the other alcohol dis- 
infectants killed within ten minutes. 

5. Tests conducted with a 50% plasma-S. 
aureus culture mixture revealed that iodine solu- 
tion 2% killed S. aureus within five minutes. 
The other test disinfectants did not kill the test 
organism within ten minutes. 

6. In similar tests using a 25% plasma-S. 
aureus culture mixture, iodine solution (2%) 
killed S. aureus within three minutes, while the 
other test disinfectants were ineffective within 
a ten-minute test period. 

7. Iodine tincture U. S. P. or iodine solution 
N. F., widely used antiseptics which are readily 
available everywhere, were found to be more 
effective than either ethyl alcohol or isopropyl 
alcohol for the quick disinfection of clinical ther- 
mometers which were heavily infected with 
many of the commonly found bacteria. 
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The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and 
Dearborn Streets, Chicago, Ill., seeks information on sources of supply for the following chemicals: 


Triphenylmethyl mercaptan 
Tetraphenylhydrazine 
Tetraphenylarsonium chloride 
Pulegol 
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2-Methyl-1,2-diamino propane 
Guanosine deaminase 
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2-Ethylanthraquinone 
Adenase 
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2,4-Dihydroxypyrimidine 
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The Preparation of Some Dialkylmalononitriles*t 


By ROBERT F. DOERGE} and CHARLES O. WILSON$§ 


A general procedure for the is of di- 
alkylmalononitriles is descri and its appli- 
cation to the preparation of four substituted 
malononitriles is outlined for each compound. 


N THE course of synthetic work being done in 
the field of barbiturate compounds possibly 
having central nervous system depressant prop- 
erties, it was necessary to have a convenient 
synthesis for dialkylmalononitriles. The alkyl- 
ation of malononitrile itself results in a mixture 
of products and a poor yield of the substituted 
malononitrile (1). Furthermore, the preparation 
of malononitrile itself must be carefully controlled 
(2). In the present work the method of Errera 
and Berte (3) was used with certain modifica- 
tions. By modifying their method in that the 
corresponding dialkylcyanoacetamide (4) was 
dehydrated to the dialkylmalononitrile, using 
phosphorus pentoxide as the dehydrating agent 
and working at reduced pressures and distilling 
the nitrile from the reaction mixture as it was 
formed, yields of over 80 per cent were consist- 
ently obtained. 


CN 


K oN 
NH; 


An equal weight of clean dry sand was used to 
facilitate heat transfer, as was advocated by 
Dumas (5). The method of Errera and Berte (3) 
was to heat the dialkylcyanoacetamide with a 
little more than an equimolecular quantity of 
phosphorus pentoxide at 170-180°. They then 
allowed the reaction mixture to cool somewhat 
and poured off the nitrile that had been formed; 
then the remaining metaphosphoric acid was de- 
composed by adding water cautiously. Any re- 
maining nitrile (which is insoluble in water) was 
then added to the previous yield. 


CN 
P.O, 


—H,0 
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In the present work the nitriles were identified 
by condensation with urea in a solution of sodium 
in dry ethyl alcohol. The imino derivative ob- 
tained was not isolated but was hydrolyzed di- 
rectly to the corresponding barbituric acid deriv- 
ative by refluxing with 20 per cent hydrochloric 
acid for one to two hours. This is a modification 
of the method used by Cope and Hancock (6). 

Pertinent data for the compounds synthesized 
and the derivatives made are given in Table I. 


EXPERIMENTAL 


Diethylmalononitrile.— Diethylcyanoacetamide 
(10 Gm.) and phosphorus pentoxide (20 Gm.) were 
placed in a 250-cc. round-bottomed flask with an 
equal volume of clean dry sand and mixed by thor- 
ough shaking. The flask was then attached to a 
short (8 in.) air condenser which, in turn, was at- 
tached to a 250-cc. receiving flask which had an outlet 
to which a vacuum of 3-5 mm, was applied by using 
aHyvac pump. The reaction flask was then heated 
by raising a bath of melted Wood’s metal around it. 
The reaction period lasted about twenty to thirty 
minutes and was complete when no more nitrile dis- 
tilled over. At the beginning of the reaction it was 
necessary to flash heat on the air condenser to prevent 
condensation of the nitrile at that point. The nitrile 
was then removed from the receiving flask by hot al- 
cohol. The alcohol solution was then made cloudy 
with hot water and crystallization carried out in an 
ice-salt mixture. After one hour the crystals were fil- 
tered off and dried in a vacuum desiccator. The solid 
nitrile was obtained in a yield of 8 Gm. (93%) with 
a boiling point of 53°/5 mm. and a melting point of 
42-43°. The literature (3) reports 44—45°. 

Eth onitrile.—Ethylisopropyl- 
cyanoacetamide (7.7 Gm.) and phosphorus pentox- 
ide (14.2 Gm.) were placed in the reaction appara- 
tus described for preparing diethylmalononitrile. 
The reaction was run in the same general manner. 
The nitrile was obtained as a high boiling water- 
white liquid in a yield of 5.8 Gm. (85.8%). The 
product boiled at 200-205°/760 mm. and 52-54°/4 
mm. 

Ethylisobutylmalononitrile.—Ethylisobutylcya- 
noacetamide (9.7 Gm.) and phosphorus pentoxide 
(29.1 Gm.) were caused to react in the same general 
manner described for the preparation of diethyl- 
malononitrile. The product was obtained in a yield of 
7.6 Gm. (87.7%) as a water-white liquid with a boil- 


ing point of 65-70°/5 mm. 
Eth le. —Ethylisoamylcyano- 


ylisoamylmalononitril 
acetamide (9.1 Gm.) and phosphorus pentoxide (18 
Gm.) were reacted in the same general manner de- 
scribed for the preparation of diethylmalononitrile. 
The product was obtained in a yield of 6.8 Gm. 
(82.9%) as a water-white liquid with a boiling point 
of 88-92°/3 mm. 
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I.—DERIVATIVES OF MALONONITRILE* 


c 


CN 


R’ 


CN 


Molecular 
Formula 


CryHwN: 


42-43° (m. p.) 


53/5 mm. 
52-54/4 mm. 


200-205/760 

mm. 
65-70/5 mm. &8 
88-92/3 mm. 8 


CoHuNe 
CwHisN: 5,5-ethylisoamyl- 


Derivative 
Prepared 
5,5-diethylbarbituric 

acid 
5,5-ethylisopropyl- 

barbituric acid 
5,5-ethylisobutyl- 

barbituric acid 


174-176° 
154-156* 


170-176 


153-154 
barbituric acid 


@ All melting and boiling points are uncorrected. 
© Errera, G., and 


Berte, E., Gass. chim. ital. 26 TI, 220(1896), report 44-4 


5°. 
¢ “Handbook of Chemistry and Physics,” 28th ed., Chemical Rubber Publishing Co., 1944, p. 610. 


Chem. Abstr.,12,977(1918). 


* Shonle, H. A_, and Moment, A., J. Am. Chem. Soc., 45, 248(1923). 


SUMMARY 


1. A procedure for the synthesis of dialkyl- 
malononitriles has been presented. 

2. Four substituted malononitriles were pre- 
pared: 

(a) Diethylmalononitrile. 

(6) Ethylisopropylmalononitrile. 

(c) Ethylisobutylmalononitrile. 

(d) Ethylisoamylmalononitrile. 


All except (a) have not been previously re- 


REFERENCES 


(1) Hesse, B.C., Am. Chem. J., 1 
(2) * rare Syntheses,” Voi. ohn Wiley & Sons, 


New York, 1 p. 66. 
ash! — and Berte, E., 26, II, 220 
anes R. F., and Wilson, C. O., Tats Journat, 40, 
( 
(5) Dumas, J., ae, Compt. rend., 
(6) Cope, A. C., and Hancock, E. 
61, 776(1939). 


Dry Basal Media for Ra 


pid Microbiological Assay 


of Amino Acids* 


By J. J. MAYERNIK and S. M. EWALD 


A rapid, simplified method of preparing dry 
complete of basal the 
of amino acids is 
described. rted are modifications 
in the assay +t ure using these media. 
From a practical operational snatgoias, the 
assay is considerably more standardized and 
simplified than previous methods. 


N A CONTROL laboratory which is frequently re- 
quired to perform many microbiological as- 
says of a variety of amino acids, it is desirable 
that the assay procedures be as simplified, as 
highly standardized, and as rapid as possible. 


* Received April 25, 1951, from the Chemical Control 
Laboratories, Merck and Co., Inc., Rahway, N. J. 


Stokes, et al. (1), contributed to the standardiza- 
tion and simplification of microbiological amino 
acid assays by developing one standard basal 
medium prepared from stock solutions for use 
with only two test organisms in the assay of 10 
essential aminoacid assays. Rockland and Dunn 
(2) suggested simplification in the method of 
covering assay tubes, in the use of an automatic 
pipette for the transfer of liquids, and in the use 
of a single dry mixture as a complete basal me- 
dium. Further elaboration on the preparation 
of a dry mixture in a ball mill was made by Cam- 
ien and Dunn (3). 

The present paper describes the further 
standardization and simplification of micro- 
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biological assays of amino acids by presenting: 
(a) a rapid, simplified method of preparing dry 
complete mixtures of basal media for the more 
common amino acids, and (6) modifications in 
the assay procedure of Stokes to facilitate the 
assay of routine samples, 


PREPARATION OF DRY MIXTURES OF 
BASAL MEDIA 


The composition of the basal medium for each 
amino acid is that of Stokes, et al. (1). Accurate 
quantities of the essential and accessory growth 
substances, omitting the amino acid to be assayed, 
are combined in the proportions shown in Table I, 
and blended in a Waring blendor for approximately 
five minutes. In this process the mixture is thor- 
oughly blended, and also pulverized to a fine powder. 


ScIENTIFIC EpITION 


in color than those from freshly prepared amino 
acids. 


PROCEDURE OF ASSAY 


The assay procedure used was originally identical 
to that described by Stokes (1). However, to fur- 
ther simplify the work and for greater speed in per- 
forming routine assays of purified casein hydroly- 
sates, the following changes were adopted. 

Maintenance of Cultures and Preparation of 
Inocula.—Stab stock cultures of S. faecalis and L. 
delburckii are carried on Difco micro assay culture 
agar. For the preparation of inocula, transfers 
are made from stock cultures into Difco micro in- 
oculum broth. After incubation, each culture is 
centrifuged, washed, and suspended in 100 cc. of 
sterile water. 


Tasie I.—ComposiTIon oF BasaL Meprum 


Wi t, 
pt-Alanine 
L-Arginine 
pi-Aspartic Acid 
.-Cystine 
pi-Glutamic Acid 
Glycine 
L-Histidine 


pL-Methionine 
pt-Norleucine 
p.-Phenylalanine 
L-Proline 
DL-Serine 


2 

2. 
2. 
2. 
2. 
2 

2. 
2. 
2 

2. 
2. 
2. 
2. 
2. 
2. 
2. 


Ingredient 
pL-Threonine 
DL-Tryptophane 
L-Tyrosine 
pu-Valine 
Glucose 
Sodium acetate anhyd. 


Or 


Uracil 
Vitamin blend* 


@ For composition see Table IT. 


Salts, such as MnSO,- 4H,0, which consist of large 
crystals are first ground in a mortar before being 
combined with the other ingredients. To eliminate 
the necessity of individually weighing minute 
quantities of each of the required vitamins, a sep- 
arate composite vitamin blend is prepared by com- 
bining the vitamins in a sodium acetate base in the 
proportions indicated in Table II and blending thor- 
oughly in the Waring blendor for approximately five 
minutes. A single weight of 112 mg. ('/2,s0 of the 
total weight) of this blend supplies the vitamins re- 
quired for one amino acid mixture. The amount 
of sodium acetate contributed by the vitamin blend 
is negligible. 

One complete mixture is sufficient to prepare 10 
L. of final assay medium. The medium is soluble 
in cold water, except for a small quantity of cystine 
which dissolves almost completely on autoclaving. 
This slight remaining precipitate should be evenly 
distributed by shaking. 

The dry mixtures, stored in tightly capped brown 
glass bottles at a temperature of 75° F. and a rela- 
tive humidity of 30-60%, have been found to be 
stable on the basis of use for at least twelve months. 
As reported by Camien and Dunn (3) the solutions 
obtained from stored mixtures are slightly darker 


Preparation of Standards and Samples.—The 
purity of each amino acid to be used as a standard 
should be established by an appropriate method 
such as phase solubility analysis (4). A stock solu- 
tion of each is prepared in a concentration of 1,000 
ug./cc. of the L-isomer. In order to eliminate the 
volume adjustment which is required for each tube 
when different quantities are pipetted from one 
standard solution, nine working solutions of increas- 
ing levels of the L-isomer are prepared from the 
stock solution. A standard curve is then estab- 


\ lished by pipetting, in duplicate, 1 cc. of each of 


Tasie II.—ComposiITION oF VITAMIN BLEND 


Ingredient 
Thiamine hydrochloride 
Pyridoxamine 
Calcium pantothenate 
Riboflavin 
Nicotinic acid 

Aminobenzoic acid 
iotin 
Folic acid 
Sodium acetate (anhyd.) 
Total weight 


BB 
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Adenine 
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the working solutions to a series of assay tubes. 
The refrigerated working solutions may be used for 
one week. 

The solution of the sample is diluted to three 
appropriate levels and pipetted in the same manner 
as the standard working solutions. The use of 1-cc. 
serological “‘blowout"’ pipettes were found advan- 
tageous in increasing the speed of pipetting the 
standards and samples to the assay tubes. 

Sterilization, Inoculation, and Incubation.—The 
assay tubes, containing only the solutions of the 
standards or samples, are covered with metal caps 
and autoclaved for ten minutes at 15 Ib. pressure. 
The medium is prepared at single strength instead 
of double strength by dissolving 21.3 Gm. of the 
mixture per liter of water. It is sterilized in a Pyrex 
flask along with the assay tubes. 

After cooling, the medium is inoculated with 1 cc. 
of the culture suspension per 100 cc. of medium, and 
shaken thoroughly. With a sterile automatic pi- 
pette, 4 cc. of the inoculated medium is delivered to 
each tube, bringing the total volume to 5cc. The 
tubes are then incubated at 37° C. for sixteen to 
eighteen hours in a constant temperature water 
bath. 

Determination of Microbial Response.—The re- 
sponse of the organisms to the amino acids is deter- 
mined by measuring the turbidity with a Lumetron 
Photoelectric Colorimeter, Model 402E. A special 
drain tube adapter similar to the one designed by 
McMahan (5) is used for transmission measurements 
which are taken directly from the galvanometer 
scale. 


DISCUSSION 


By means of this method of preparation of dry 
basal media, many mixtures can be prepared easily 
and quickly with no need for expensive equipment. 
The mixtures do not have to be dried for blending, 
and one person can prepare all 10 media in less than 
an eight-hour working day. 

Several pipetting operations have been combined 
in the procedure. The working standards and 
samples are pipetted in constant quantities so that 
volume adjustment with water is not required. 
Also, the medium is inoculated before being dis- 
tributed to the test tubes in order to eliminate 
individual inoculation of each tube. This also tends 
to guarantee uniform inoculation of all tubes. 

In determining microbial response, turbidimetric 
measurements, as an alternative to titrations, have 
made it possible to reduce considerably the incuba- 
tion period of the assays. This is desirable in a 
control laboratory where the completion of large 
volumes of work in short periods of time is impor- 
tant. The use of a special drain tube adapter has 
eliminated the necessity of selecting photometrically 
matched test tubes for use in the photometer, and 
has also reduced the time required for transmission 
measurements. 
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TaBLe III.—Assay Resutts OBTAINED ON “AMINO 

Acips So_ution Merckx” spy Usinc 

PARED FROM STocK SOLUTIONS AND FROM Dry 
MIXTURES 


Arginine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Tryptophane 
Valine 


| 


A constant temperature water bath is used, rather 
than a convection-type air incubator. Toennies 
and Gallant (6) have shown that the variations in 
bacterial growth occurring among identically charged 
tubes can be reduced to about one-third by the use 
of a water bath. 

The reliability of the method using the media, 
organisms, and basic procedure of assay has been 
established by Stokes (1). Our modifications of this 
procedure have been primarily in the method of pre- 
paring media and in the techniques employed. 
Table III shows the agreement of assay results ob- 
tained by the Stokes procedure, using media pre- 
pared from stock solutions, with those obtained by 
the modified procedure, using media prepared from 
dry mixtures. 


SUMMARY 


The preparation of dry composite media for 
the determination of 10 amino acids has been 
described. The media are quickly and easily 
prepared and are stable for at least twelve 
months. Modifications in techniques in a pro- 
cedure of assay employing these media are pre- 
sented. These changes have been found to be 
time- and labor-saving and to be a considerable 
improvement over previous methods from a 
practical operational standpoint. 
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A Phase Study of Castor Oil, Alcohol, and 
Water Miscibility*t 


By MURIEL R. LORAN{ and EARL P. GUTH§ 


A phase diagram was drawn of the ternary 
system, castor oil, 95% alcohol, and water. 
The various ratios at which solutions of these 
three components can be pre were de- 
termined from the diagram. is study was 
undertaken to illustrate the practical use of 
the phase rule in pharmacy in the preparation 
of solutions of two immiscible liquids, util- 
izing a third liquid which is miscible with 


HE STUDY of a ternary system comprising 

alcohol, castor oil, and water was undertaken 
with the intent of investigating the use of the 
phase rule in practical pharmacy. Previous to 
this study, the ratios of each of the components 
necessary to produce a homogeneous system 
were determined by the pharmacist largely in an 
empirical manner. Although the empirical 
method has been successful, it is limited by its 
very nature. A phase study completely describes 
the system so that by simple inspection of a dia- 
gram all ratios at which the system is homogene- 
ous can be quickly and accurately determined. 


Taste I.—TirrRaTION oF Castor 


MIXTURES WITH ALCOHOL 


comprising the system. The degrees of freedom 
are defined as the number of variable factors— 
temperature, pressure, and concentration of the 
components—which must be arbitrarily fixed 
in order that the condition of the system may be 
perfectly defined. The greater the degrees of 
freedom, the larger the variability, and it is the 
merit of the phase rule that the state of a system 
is defined entirely by the relation existing be- 
tween the number of the components and the 
phases present, no account being taken of the 
molecular complexity of the substances involved 
nor any assumption made as to the constitution 
of matter. 


METHOD 


The components of the system investigated are 
U. S. P. castor oil, 95% alcohol, and distilled water. 
Five cubic centimeters of castor oil was added to a 
250-cc. flask and to this was added 0.2 cc. of distilled 
water and the mixture titrated with alcohol until a 
clear solution was obtained. The procedure was 


II.—CaLcuLatep CONCENTRATION IN Cc. 
or WATER AND Castor OIL IN EQUILIBRIUM WITH 
100 Cc. or 95% ALcoHoL 


Alcohol, 
Castor Oil, Ce. Water, Ce. Ce. Required 
5 ec. 0.2 
0.3 

0. 


The phase rule of Willard Gibbs (1) for this 
kind of system is F = C — P where F equals the 
degrees of freedom, P the number of phases in 
equilibrium, and C the number of components 
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repeated with 0.3, 0.5, 1.0, 2.0, and 3.0 cc. of water 
(Table I). 

One cubic centimeter of castor oil was then added 
to a 500-cc. flask and to this was added 1 cc. of dis- 
tilled water and the mixture titrated with alcohol 
until a clear solution was obtained and the procedure 
was repeated with 2, 3, 4, 6, 10, 18, and 34 cc. of 
water (Table I). 

Because of the difficulty of observing the end 
point by macroscopic observation, the Fisher Elec- 
trophotometer was used. Transmission of 98% 
was taken as the end point using a “B” 
filter. 
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CALCULATIONS 


The number of cubic centimeters of water and oil, 
respectively, at equilibrium with 100 cc. of alcohol 
was calculated and then the number of cubic centi- 
meters multiplied by the specific gravity to obtain 
the weight of each component in grams. The weight 
fraction was then calculated and multiplied by 100 
to obtain the percentage of each component by 
weight (Table 11). The points were then plotted 
on a triangular graph (Fig. 1) of which each side 
represents 0 to 100% so that at any point on the 
graph the percentages of each of the components 
in equilibrium can be determined (Table III). 
Practical values derived from the phase diagram of 
each component, which when mixed will give a homo- 
geneous solution, are shown in Table IV. 


RESULTS 


At any point inside the curve, the system shall 
exist as two phases in equilibrium with each other 
and at any point above the curve the system is 
homogeneous and consists of only one phase. 


CONCLUSIONS 


1. The system castor oil, alcohol, and water 
was investigated by means of the phase rule. 

2. A phase diagram of the system was pro- 
duced. 

3. At all ratios above the curve the system 
is homogeneous and at all ratios below the curve 
the system exists as two phases in equilibrium. 
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TaBLe II].—Per Cent py Weicut or Eacu Com- 
PONENT TO Propuce A HoMOGENEOUS SYSTEM 


= 
o 


TasLe IV.—PRACTICAL VALUES DERIVED FROM 

THE PHase D1aGRAM. PERCENTAGE (W/W) or 

Eacu CoMPONENT WHICH WHEN MIXED WILL Give 
A HOMOGENEOUS SOLUTION 


95% Alcohol 


to 


RSHSRSRSHS a 


= 


4. There are varying ratios at which a homo- 
geneous sysem can be prepared and these points 
can be determined from the diagram. 


REFERENCE 


(1) Findlay, A., and Campbell, A. N., “The Phase Rule 
8th ed., Longmans, Green & Co., Lon- 
ion, 1938. 


q 466 
a \ er Alcohol Castor Oil 
© \ 39.2 
. 70 . \3 37.5 
17.8 
Toff \f \/ \/ 4.10 
$% 1.60 
\ 1.10 
| 
Castor Oil Water 
; 
if 
| | 
| 
fe “J 
| 
‘ 
= 


7-Methyl-Thiocinchoninamide* 


By ALICE G. RENFREW 


The preparation of 7-methyl-thiocinchonin- 
amide is described. Evidence is given for the 
stability “s — compound in inert solvents; 
however, de occurred at 85° in 
the presence of dialkylaminoalkylamines. 


HE 4-thioamide of 7-methylquinoline was 

prepared in relation to the testing program 
sponsored by the Chemotherapy Center of Tropi- 
cal Medicine. It was hoped that 7-methyl-thio- 
cinchoninamide would serve as an intermediate 
in the synthesis of substituted amidines; how- 
ever, under the conditions employed, this thio- 
amide was converted back to 4-cyano-7-methyl- 
quinoline when heated with alkyl amines of high 
molecular weight. Schlatter (1) has commented 
on similar reactions of certain thioamides. 

The preparation of quinoline derivatives from 
2- and 4-cyanoquinolines has been described by 
Coates, et al. (2). In the present work the pro- 
cedure of Olin and Johnson (3) provided a very 
simple synthetic method. 


7-METHYL-THIOCINCHONINAMIDE 
(CC1029)' 


Coates, et al. (2), described the formation of thio- 
cinchoninamide by the addition of hydrogen sulfide 
to the cyano group of 4-cyanoquinoline. In pre- 
paring the corresponding derivative of 7-methyl- 
quinoline, an adaptation of the method of Olin and 
Johnson (3) was used. A chilled solution of 10 cc. 
of triethanolamine in 75 cc. of methanol was satu- 
rated with hydrogen sulfide. After addition of a solu- 
tion of 18 Gm. of 4-cyano-7-methylquinoline (4) in 
150 cc. of dry benzene, the stream of hydrogen sul- 
fide was continued for an hour. After a further 
eighteen hours at room temperature, 11 Gm. of a 
crystalline product was collected on a filter. The 
mother liquor plus 3 cc. of triethanolamine was 


* Received May 31, 1951, from the Department of Re- 
search in erase Chemistry, Mellon Institute, Pittsburgh, 
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again saturated with hydrogen sulfide; after thirty- 
six hours a second crop of 6.7 Gm. was collected. 
The crude yield was 80% of the theoretical. 

7-Methyl-thiocinchoni ide was crystallized 
from 95% ethanol; about 70 cc. of solvent per gram 
of crude thioamide was used for extraction and the 
alcoholic mother liquor was recirculated. After 
several subsequent recrystallizations, the product 
melted at 209° with decomposition. 

Anal.—Caled. for CuHwN:S: N = 13.86; S = 
15.84. Found: N = 13.67; S = 15.76. 

Reaction of 7-Methyl-thiocinchoninamide with 
High Molecular Weight Amines.—This thioamide 
had been prepared as a possible intermediate in the 
synthesis of quinoline amidines. Although the 
thioamide was stable when heated in a liquid me- 
dium at fairly high temperatures, it decomposed 
when heated with several typical organic amines. 

(a) After refluxing a suspension in toluene for 
one hour it was possible to recover 7-methyl-thio- 
cinchoninamide unchanged. 

(b) However, when the thioamide was heated at 
85° in diethylaminoethylamine, a strong evolution 
of hydrogen sulfide occurred and 4-cyano-7-methyl- 
quinoline was recovered. 

(c) With novol diamine’ no reaction occurred on 
very mild heating; decomposition to 4-cyano-7- 
methylquinoline occurred with more vigorous heat- 
ing. The 4-cyano-7-methylquinoline was identified 
by mixed melting point determination and by solu- 
bility properties. 


SUMMARY 


7-Methyl-thiocinchoninamide was prepared 
from 4-cyano-7-methylquinoline by the addition 
of hydrogen sulfide in the presence of triethanol 
amine. Simple attempts to convert this to an 
amidine were not successful. 
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The Preparation of Some 4,6-Dithiobarbituric Acids* 


By ROBERT F. DOERGE} and CHARLES O. WILSON§ 


reparative methods for four 5,5-disubstituted-4,6-diiminobarbituric acids and 
— four 5,5-disubstituted-4, 6-dithiobarbituric acids are described. Seven of the 
compounds reported are new. One of the compounds, 5,5-diethyl-4,6-dithiobar- 
bituric acid, was tested pharmacologically and found to be unsuitable for possible 
use as a general anesthetic because of its inordinately long duration of action 

the production of tremors. 


NTIL 1935 thiobarbituric acids were used 

only as intermediates in the preparation of 
the corresponding oxygen analogs. In 1935 
Miller, et al. (1), and Tabern and Volwiler (2) 
reported the synthesis of various 2-thiobarbi- 
turic acids and their use as hypnotics of short 
duration of action. Of the group, the ethyl-(1- 
methylbutyl) derivative as the sodium salt has 
found use in medical practice under the name 
“Pentothal sodium.” 

Henze and Smith in the United States (3) and 
Carrington in England (4), using phosphorus 
trisulfide or phosphorus pentasulfide, were able 
to replace the oxygen of the barbituric acids by 
sulfur. Henze reported the preparation of 5,5- 
diethyl-2,4,6-trithiobarbituric acid and 5-phenyl- 
5-ethyl-2,4,6-trithiobarbituric acid. He also re- 
ported that these compounds possessed no hyp- 
notic properties. Carrington prepared the 2-thio, 
2,4,-dithio, and 2,4,6-trithio derivatives of a series 
of barbituric acids that are well-known hypnotics. 
However, no report of the pharmacological ac- 
tion of the thio-derivatives has been found in the 
literature surveyed. 

Not until the report by Wilson and Boothe in 
1945 (5) of 4-thiobarbituric acids were compounds 
with sulfur in other positions than the 2-position 
reported in the literature. These compounds 
were prepared by treatment of the corresponding 
4-imino compound with hydrogen sulfide under 
pressure and heat in a sealed bomb (6). The 
compounds reported by them had a depressant 
action (7). 

This work has been extended to the synthesis 
of 4,6-dithiobarbituric acids by treating the cor 
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responding 4,6-diimino compound with hydrogen 
sulfide under heat and pressure in a sealed bomb 
using a modification of the method reported by 
Boothe and Wilson. The 4,6-diimino compounds 
were prepared by the condensation of the proper 
disubstituted malononitrile (8) with urea in the 
presence of sodium ethoxide (see Eq. 1). 

All of the diimino compounds melted with de- 
composition and were difficult to crystallize to a 
constant melting point. All of the diimino com- 
pounds were identified by hydrolysis to their 
oxygen analog by refluxing a sample with 10% 
hydrochloric acid for four hours (see Eq. 1). 

The 4,6-dithiobarbituric acids were oxidized 
to. the corresponding oxygen analog to establish 
their identity, using Conrad’s method (9). 


EXPERIMENTAL! 


5,5-Diethyl-4,6-diiminobarbituric Acid.—Sodium 
(2.3 Gm.) was dissolved in anhydrous alcohol (25 
ec.) and added to diethylmalononitrile (8) (6.1 Gm.) 
and urea (4.5 Gm.) in a 100-cc. pressure flask; a clear 
solution resulted in a short time. The reaction 
flask was sealed and heated with its contents in a 
boiling water bath for four hours. The container 
for the boiling water was an iron pipe about 6 in. 
in diameter and 18 in. long with an iron plate welded 
across one end to make it watertight. This pre- 
caution was taken so that in case of an explosion the 
force would be directed up. Also, the entire ap- 
paratus was loosely covered in order to minimize the 
loss of water by evaporation. After the heating 
period the flask was allowed to stand unopened at 
room temperature overnight. The flask was then 
opened and the contents transferred to a distillation 
flask. The mixture was then taken to dryness by 
vacuum distillation by a water pump and a mini- 
mum of heat from a steam bath. The residue was 
washed with a little ether to remove any unreacted 
diethylmalononitrile. The remaining solid was 
stirred thoroughly with 10 cc. of water and filtered 
to remove the sodium acetate and any unreacted 
urea. The compound was filtered off and washed 
on the filter paper with another 10-cc. portion of 
water. The 5,5-diethyl-4,6-diiminobarbituric acid 
was dried in a vacuum desiccator. A yield of 8 Gm. 
(87.9%) was obtained and the product melted at 
267-269° with decomposition. The literature (10) 
reports 272° with decomposition. 


! All melting points and boiling points are uncorrected, 
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Equation 1.—Summary of the reaction series. 


R, ethyl. 
sure and heat. 


5,5-Ethylisopropyl-4,6-diiminobarbituric Acid.— 
Sodium (2.3 Gm.), anhydrous alcohol (25 cc.), 
ethylisopropylmalononitrile (6.8 Gm.), and urea 
(4.5 Gm.) were used in the same procedure employed 
for preparing 5,5-diethyl-4,6-diiminobarbituric acid. 
The yield was 5 Gm. (51%), having a melting point 
of 265-268° with decomposition. 
5,5-Ethylisobutyl-4,6-diiminobarbituric Acid.— 
Ethylisobutylmalononitrile (7.5 Gm.) was used in a 
reaction mixture similar to that employed for the 
two preceding 4,6-diiminobarbituric acids. The 
yield was 5.5 Gm. (52.3%) and had a melting point 
of 270-273° with concomitant decomposition. 
5,5-Ethylisoamyl-4,6-diiminobarbituric  Acid.— 
Ethylisoamylmalononitrile (8.2 Gm.) was used in a 
reaction mixture similar to that previously described. 
The yield was 6.2 Gm. (55.49%), which melted at 
260-263° with decomposition. 
5,5-Diethyl-4,6-dithiobarbituric Acid.—Absolute 
alcohol (150 cc.) and 5,5-diethyl-4,6-diiminobarbi- 
turic acid (3 Gm.) were charged to a stainless steel 
liner of a pressure bomb.?_ The liner was capped and 
placed in the bomb and evacuated for three to five 
minutes by using a water-pump aspirator. The 
slight vacuum was not broken until hydrogen sulfide 
under pressure was led into the vessel. A pressure 
of about 50 Ib./sq. in. was built up by rocking the 
apparatus. The valves were then tightly closed and 
heat was applied by means of the electrical unit. 
A temperature of 125-135° was maintained for 
eleven hours. At this temperature the pressure was 
about 600 Ib./sq. in. The apparatus was then 
allowed to cool overnight. The remaining pressure 
was then cautiously released to the outside atmos- 
phere and the water-pump aspirator was again at- 
tached to the inner bomb liner and the contents 
evacuated of gas for three to five minutes. The 
pressure was then allowed to equalize and the con- 
tents were removed from the liner. The liner was 
thoroughly rinsed with alcohol and the rinsings 
added to the yellowish reaction mixture. This 


* Specially constructed by American Instrument Com- 
pany, Silver Spring, Md. 


R’, ethyl, isopropyl, isobutyl, or isoamyl. 


A, urea and sodium ethoxide. B, H,S under pres- 


C, reflux with 10% hydrochloric acid. D, oxidation with nitric acid. 


solution was then filtered and evaporated to dryness. 
The residue was then dissolved in 200 cc. of 2% 
sodium hydroxide solution with the aid of slight 
heat if necessary. This solution was filtered and 
acidified to pH 8 (Universal Indicator Paper) by 
bubbling carbon dioxide through it. The fine yellow 
crystals were filtered off and recrystallized by dis- 
solving in cold alcohol. This solution was then 
warmed and hot water was added, drop by drop, 
until cloudiness resulted. This material was then 
placed in the refrigerator overnight to allow crystal- 
lization. The yield was 1.5 Gm. (41.7%) and the 
melting point was 163-164°. 

Anal.—Caled. for CsHwON2S,: S, 29.4; N, 12.95; 
Found: §, 29.5, 29.0; N, 12.64. 

5,5-Ethylisopropyl-4,6-dithiobarbituric Acid. —5,5- 
Ethylisopropyl-4,6-diiminobarbituric acid (3 Gm.) 
and absolute alcohol (150 cc.) were placed in the 
reaction apparatus described for preparing 5,5- 
diethyl-4,6-dithiobarbituric acid, The reaction and 
manipulation were carried out in the same general 
manner previously described. A yield of 1.1 Gm. 
(31.2%) was obtained which had a melting point of 
226-227°. 

Anal.—Caled. for CsHuON2S,; S, 
S, 27.5, 27.5. 

5,5-Ethylisobutyl-4,6-dithiobarbituric Acid.— 
acid (3 Gm.) 
in absolute alcohol (150 cc.) was converted to the 
corresponding 4,6-dithiobarbituric acid by the pre- 
viously described method. A yield of 1.1 Gm. 
(36.7%) was obtained. The recrystallized com- 
pound had a melting point of 213-214°. 

Anal.—Caled. for ON2S,: S, 26.3; Found: 
S, 26.0, 26.0. 

5,5-Ethylisoamyl-4,6-dithiobarbituric Acid.—5,5- 
Ethylisoamy1-4,6-diiminobarbituric acid (3 Gm.) in 
absolute alcohol (150 cc.) was converted to the cor- 
responding 4,6-dithiobarbituric acid by the previ- 
ously described method. A yellow, crystalline prod- 
uct was obtained in a yield of 1.6 Gm. (53.3%). 
The melting point was 240-241°. 

Anal.—Caled. for Ci,HiONS:: S, 24.8; Found: 
S, 24.5, 24.5. 


27.8; Found: 
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CioHisN20S; 
CuHisN:0S; 


5,5-Diethyl-4,6-dithiobarbituric acid was tested 
for pharmacological activity by Dr. K. K. Chen 
(11). The results reported are not to be considered 
as conclusive because only one compound has been 
tested and reported on. It may be that other com- 
pounds will have a shorter activity, but it appears 
that compounds having sulfur in the 4- or 6-positions 
are characterized by tremors or convulsions. In a 
dose of 30 mg./Kg., the compound caused a general 
anesthesia accompanied by tremors for an average 
of three hundred and sixty minutes. The median 
anesthetic dose was found to be 27.7 + 3.9 mg./Kg. 
and the median lethal dose was pel to be 77.0 + 
5.0 mg./Kg. The compound was considered to be 
of no practical value because of the length of action, 
and because of the accompanying tremors. 


SUMMARY 


1. Four  5,5-disubstituted-4,6-diiminobarbi- 
turic acids were prepared, three of which are new 
compounds, 


2. Four 5,5-disubstituted-4,6-dithiobarbituric 
acids were prepared, all of which are new com- 
pounds. 

3. 5,5-Diethyl-4,6-dithiobarbituric acid was 
tested for pharmacological activity and was con- 
sidered to be of no practical value as a general an- 
esthetic because of the length of action and be- 
cause of the accompanying tremors. 
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WHO MAKES IT? 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and 
Dearborn Streets, Chicago, Ill, seeks information on sources of supply for the following chemicals: 


Saccharic acid 

Sodium tauroglycocholate 
Stach yose 

p-Talose 

a-Thujene 
Leucylglycylglycylglycine 
p-Mannonic acid 
a-Methyl maltoside 
2,6-Dihydroxyquinoline 
3,5-Diiodothyronine 


Gentiobiose 

t-Gulose 

Camphorene 
5-Chlorosalicylaldehyde 
Cholestery] linoleate 
Copper nucleonate 
Tincture of Boletus 
Argininic acid 
Piperidone 

Opianic acid 
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The Blood Distribution and Toxicity of Several 
Cinchona Alkaloid Derivatives* 


By WARNER W. CARLSON} and LEONARD H. CRETCHER 


The distribution of a number of cinchona alkaloid derivatives between blood cells 
and plasma has been determined. The presence of hydroxyalkyl groups increased 
the proportion of the 
atives by blood cells in vitro was found to 
determined by the 


UMEROUS investigations have been made of 

the distribution of cinchona alkaloids, es- 
pecially quinine, between blood cells and plasma. 
The distribution of the alkaloid apparently is 
subject to factors introduced by variations in ex- 
perimental technique, for Goodman and Gilman 
(1) report cell-to-plasma ratios varying from 1:3 
to 1:0.2. Rona and Bloch (2), and more re- 
cently Ceithaml and Evans (3), have investigated 
various of these factors, among which pH was 
found to be especially important. As pointed out 
by Fulton (4), however, in general it is agreed 
that in vitro the cell concentration of quinine, 
and most cinchona derivatives, is higher than 
that in the plasma. In the present investiga- 
tion, distribution in whole beef blood in vitro 
has been determined for quinine, hydroxyethyl- 
apocupreine, and several other cinchona deriv- 
atives. 

Hogan and Eagle (5) studied a series of phenyl- 
arsenoxides as to binding of the drugs by red blood 
cells (rabbit) in vitro in comparison with the 
values obtained for relative systemic toxicities 
(white mice) of the compounds. It was found 
that binding of the arsenicals by red blood cells 
in vitro was a model for their combination with 
tissues in vivo, and furthermore that the degree 
to which the drugs were taken up by blood cells 
in vitro so closely paralleled their systemic toxicity 
as to provide a reliable measure of that factor. 
In a similar way the degree of binding of cin- 
chona derivatives by blood cells in vitro has now 
been compared with the systemic toxicities of 
these compounds. Additional data also are 
given on the toxicity of hydroxyethylapocupreine. 


EXPERIMENTAL 


Methods and Materials.—The cinchona alkaloid 
derivatives employed were selected from the group 
of drugs synthesized by this Department during 
the course of a cooperative search, with Maclachlan, 

® Received May 25, 1951, from the Department of Research 
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droxyethyi 


found in the plasma aoe. Binding of the various deriv- 


of the com- 
ite mice was 


lel the systemic toxici 
to wi 


Bracken, and their co-workers at Mercy Hospital, 
Pittsburgh, for cinchona derivatives useful in the 
treatment of pneumonia. For reviews of this work 
see Renfrew and Cretcher (6), and Maclachlan, 
Johnston, Bracken, and Pierce (7). 

In the studies on blood distribution of the drugs, 
extraction of the alkaloids from blood cells or plasma, 
and their estimation nephelometrically as silicotung- 
states, was carried out by the method of Kyker, 
Webb, and Andrews (8). Extracted alkaloid was 
redissolved in that volume of acid which trial ex- 
periments indicated would yield silicotungstate 
suspensions in the turbidity range most favorable 
for measurement in the photoelectric nephelometer, 
a concentration correction being applied to the final 
result. 

The chronic toxicity to white mice of quinine and 
hydroxyethylapocupreine was determined by the 
drug-diet method, essentially as described by Brat- 
ton (9). The two drugs (as free base) were prepared 
in powdered Purina dog chow. The drug-diets 
were placed in the inner member of a double food 
cup, thus allowing spilled food to be recovered. 
After being air-dried and sifted, recovered diet was 
weighed and allowance accordingly made in esti- 
mating daily food intake. 

Distribution of Cinchona Derivatives in Whole 
Blood in Vitro.—Solutions of the various deriva- 
tives (I) as free bases were prepared in 10% aqueous 
alcohol in a concentration of 200 mg./L. Quan- 
tities of 1 cc. were added to 9 cc. of fresh oxalated 


(1). Cinchona Alkaloid Structure 


beef blood contained in centrifuge tubes, giving an 
alcohol concentration of 1%. The final mixtures, 
with a drug concentration (free base) of 20 mg./L. 
were kept at room temperature for one-half hour, 
during which time they were inverted frequently. 
Trial experiments indicated that equilibrium was 
reached within approximately fifteen minutes. The 
mixtures were then centrifuged and the drug con- 
tent of cells and plasma determined. The results, 
summarized in Table I, are similar to those of Fulton 
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TABLE I.—D1stTRIBUTION oF CINCHONA DERIVATIVES IN WHOLE BEEF BLoop 


Drug R 
Optochin CH,CH; 
Hydroquinine CH;— 
Ethylapocupreine CH,CH,— 
8-Chloroethylapo- 

cupreine CICH,CH;— 
Quinine CH;— 
8-hydroxyethylapo- 

cupreine HOCH,;CH;— 
8-glycerylapocupreine (HOCH;:):,CH— 


—CH:CH,; 
—CH,CH; 
==CHCH,; 


==CHCH; 
—CH=CH: 


=CHCH; 
=CHCH; 


(4) and Shaw (10) in that they again demonstrate a 
relationship between structure and the degree to 
which a drug is taken up by blood cells. In par- 
ticular, as might be expected, those compounds con- 
taining the solubilizing hydroxyalkyl groups were 
found to have an increased preference for the plasma 
phase. 

Rona and Bloch (2) showed that the adsorption of 
cinchona alkaloids by blood cells is reversible. The 
decreased tendency towards adsorption shown by 
the hydroxyalkylated derivatives was accompanied 
by an increased ease with which the compounds 
could be washed away from the blood cells, as indi- 
cated in the following experiment. Beef blood 
samples containing quinine and hydroxyethylapo- 
cupreine in a concentration of 20 mg./L. were pre- 
pared as described previously. The mixtures were 
allowed to stand for fifteen minutes with frequent 
inversion, after which they were centrifuged, the 
plasma layers removed for analysis, and the blood 
cells resuspended in a volume of physiologic saline 
equal to that of the plasma removed. The mixtures 
were inverted frequently during fifteen minutes, 
centrifuged, and the cell and saline layers removed 
for analysis. It was found that the saline wash re- 
moved 52% of °’:e alkaloid in the case of quinine, 
and 68% oom droxyethylapocupreine was em- 
ployed as the test substance. Because of the initial 
differences in cell-plasma distribution, this resulted 
in the ultimate retention by the cells of 33% of the 
originally bound alkaloid in the case of quinine, but 
only 18% for the hydroxyethy! derivative. 

Comparison of Blood Distribution of Cinchona 
Derivatives with Their Acute Toxicities.—In view 
of the results obtained by Hogan and Eagle (5) a 
comparison was made of the degree of binding of 


cinchona derivatives, by bovine blood cells in vitro, 
with the systemic toxicity of these compounds in 
white mice. The results, which are given in Table 
Il, suggest that for cinchona derivatives, as for the 
arsenicals, the degree of binding of the drugs by blood 
cells in vitro may possibly serve as a model for bind- 
ing by body tissues in vivo, and hence as a measure 
of the systemic toxicity of the compounds. Since 
cinchona alkaloids undergo extensive metabolic 
degradation, it is recognized that some doubt can 
exist as to how completely the observed toxicities 
were due to the actions of intact drugs. However, 
it should be pointed out that the toxicity values 
given are correctly described as acute, for mice which 
were to die did so within a maximum period of four 
hours. In connection with the above results, the 
degree of binding of the drugs by blood cells was not 
found to be related to the hemolytic activity of the 
compounds. Hemolysis by these derivatives in 
vitro was not observed to become appreciable until 
concentrations at least tenfold greater (ca. 200 mg./ 
L.) were reached, and at those levels no correlation 
between degree of binding and red cell destruction 
could be observed. In addition, study of the data 
of Renfrew and Cretcher (6) on the bacteriostatic 
potencies of these derivatives revealed an absence 
of relationship to relative degree of binding of the 
compounds by blood cells. 

Comparative Toxicities of Quinine and Hydroxy- 
ethylapocupreine.—From Table II it is seen that 
the LDw values for quinine and hydroxyethylapo- 
cupreine, following intraperitoneal injection of their 
dihydrochloride salts into white mice, are, respec- 
tively, 0.245 Gm. and 0.460 Gm./Kg. body weight. 
Values for acute oral toxicity in mice are higher; 
for hydroxyethylapocupreine, Bracken, et al. (11), 


Tasie IIl.—-CoMPARISON OF THE DISTRIBUTION OF CINCHONA DERIVATIVES IN VITRO WITH THEIR ACUTE 
Systemic Toxicity 


Drug Per Cent of 
(From 


Per Cent of White Mice Killed by Intraperitoneal Injection 
of n T Ai a 


Drug Bound _ 
Table 1) by Blood Cells 4 Mg. 5 Mg. 
37(a) 89(b) 
16 72(e) 
17(c) 
7 52(g) 


= The amounts indicated are mg. of drug per 20-G 
co-workers at Hospital, Pittsburgh (11, 13, is). 
of the total num m each experiment, are: (a) 22/60; 
109/310. (A) 13/30; 25/30; (k) 4/30; (4) 21/30 


Mg. 8 Mg. 9 Mg. 10 Mg. 
100 


100 
87(h) 

10 43(2) 83(7) 
13(k) 70(1) 


These results we were obtained by Macl hia: 
eeps results, showin the number of 
5/30; (d) 21/30; 94/130; 15/85; 


+ No. 2 a tea was found to have low paeumecoccicidal powers and to be highly toxic to mice, and hence was not 


further studied fic toxicity figures were not determi 
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1 —H 86 14 
2 —H 80 20 
3 =CHCH; 78 22 
a 4 
a 5 —H 70 30 
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==CHCH; 57 43 
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TaBLe III.—Curonic Orat Toxicity OF QUININE AND HyDROXYETHYLAPOCUPREINE TO WHITE MICE 


give 2.2 Gm./Kg. as the LDy value for the dihy- 
drochloride salt, and 3.0 Gm./Kg. for the free base 
administered as a suspension in gum acacia solu- 
tion. Seeler, Dusenberry, and Malanga (12) deter- 
mined the acute oral toxicity of quinine sulfate in 
mice to be approximately LD» 1.0 Gm./Kg. body 
weight. To complete these data we have compared 
the chronic oral toxicites of these drugs to white 
mice by the drug-diet method. Male white mice 
in the weight range 14-19 Gm. were employed. 
The study was continued for twenty days, the mice 
being weighed at frequent intervals. The results, 
recorded in Table III, demonstrate that the chronic 
oral toxicity of hydroxyethylapocupreine to white 
mice is somewhat less than half that of quinine, 
this ratio being essentially the same as that noted 
previously for values for acute intraperitoneal and 
acute oral toxicity. 


SUMMARY 


The distribution of a number of cinchona 
alkaloid derivatives in whole blood has been deter- 
mined, and the relative degree of binding of the 
compounds by blood cells has been related to 
their acute toxicities to white mice. 


Average 
Da 


y 
Death 


By the drug-diet method, the chronic toxicity 
to white mice of hydroxyethylapocupreine was 
found to be slightly less than one-half that of 
quinine (methyl cupreine). 
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Mice Day 20 Days % 
Quinine 
| 5 0.25 178 0.45 0/5 : +13 
5 0.50 168 0.84 0/5 +14 
5 1.0 147 1.47° 1/5 11 
I 5 2.0 131 2.62 »6 2/5 8 —29 
Hydroxyethylapocupreine 
5 0.25 190 0.48 0/5 +33 
5 0.50 181 0.90 0/5 ‘ +35 
5 1.0 170 1.70 0/5 a +15 
5 2.0 158 3.16° 0/5 at —2 
Controls 
5 197 0/5 +36 
(19) 
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A Note on the Isolation of /-Indsitol from Euphorbia pilulifera, L.*'+ 
By FLOYD P. HALLETT? and LLOYD M. PARKS 


LTHOUGH meso-inositol has been encountered 

as a constituent of many plants, its optically 
active isomers rarely have been found except as 
their monomethyl ethers. The occurrence of small 
amounts of /-inositol in Sonchus arvensis, L. (sow 
thistle) was reported in 1925 (1). This report of its 
isolation from Euphorbia pilulifera, L. marks the 
second time that /-inositol has been encountered 
free in nature. In the course of work on isolation of 
the antispasmodic principle of this plant (2), mi- 
nute amounts of /-inositol were obtained on prolonged 
standing (six months) of methyl and ethyl! alcohol 
extracts of the crude drug, from which extraneous 
material had been removed by precipitation with 
lead acetate, ether, or Na:SO,. Subsequently it 
was found that larger amounts of the crystalline 
compound could be obtained by hot water extrac- 
tion of the drug. The aqueous extract, when treated 
as described, yielded /-inositol in an amount equiva- 
lent to 0.5% by weight of the crude drug. 


EXPERIMENTAL 


Finely ground E. pilulifera (125 Gm.) was macer- 
ated with 1 L. of boiling water for one-half hour. 
The mixture was strained and the marc washed 
thoroughly with warm water. The combined 
aqueous extract and washings were reduced to 600 
ce. using a flash evaporator. The concentrated 
solution was treated under an atmosphere of nitro- 
gen with a hot saturated solution of lead acetate 
(15 ce.). After one hour the precipitate was re- 
moved by centrifuging. The clear yellow solution 
was passed through a column of Amberlite I[R-120 
resin (H form) to remove excess lead and other 
cations. The effluent was concentrated in vacuo 
to about 25 cc., and 150 cc. of absolute alcohol was 
added to precipitate considerable gummy material. 
The alcoholic solution was decanted and allowed to 
stand two days. It was again decanted from a 
slight additional amount of gummy material and 
then seeded with crystals obtained from the clari- 
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Ltd., Toronto, Canada, and Templetons Inc., Buffalo, N. ¥ 
Pele merican Foundation for Pharmaceutical Education 


fied alcoholic extracts (above). Slow crystalliza- 
tion of J-inositol began within several hours and was 
completed in two days. The crystalline material 
was removed by filtration, washed with ethanol, 
treated with Norit in boiling 92% methanol, and 
recovered from the filtered solution by evaporation. 
It was then recrystallized from absolute methanol. 

The dried crystalline material sintered at 210° 
and melted with decomposition between 245 and 
250°. It was slightly soluble in hot methanol and 
very slightly soluble in hot ethanol. From methanol 
the crystals were tetrahedral prisms; from ethanol 
they were octahedral. A Scherer test for inositols 
(3) was positive. The optical rotation was /evo; 
(a]}} = —64.1° (water). Tanret (4) —65°, Heilbron 
(5) —64.1°. 

Anal.—Caled. for CsHi2Os:C, 40.00; H, 6.70. 
Found: C, 39.59; H, 6.66. 

Acetylation yielded a small amount of amorphous 
derivative which could not be obtained in crystalline 
form. This is characteristic of the hexaacetate of 
l-inositol (4). The hexabenzoate was prepared by 
refluxing the crystalline /-inositol for five hours with 
benzoyl chloride and pyridine. The resulting mix- 
ture was made alkaline with 10° NaHCO; solution 
and extracted with three successive portions of 
ether. The combined ether extracts were washed 
with 5° HCl, 5% NaOH, and water, in that order. 
Evaporation of the ether yielded an oily brown resi- 
due, which was washed with absolute alcohol. The 
alcohol dissolved most of the impurities and left 
insoluble the white amorphous hexabenzoate. It 
was recrystallized twice from absolute alcohol, form- 
ing colorless prismatic needles which melted at 
253° to 253.5° without decomposition. Tanret 
(4) 252°, Posternak (6) 253°. [a]? = —67.7°. 

Anal.—Caled. for CuHsOw: C, 71.64; H, 4.51. 
Found: C, 71.90; H, 4.69. 
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A Note on the Chemical Examination of the Fruits of 
Terminalia balerica, Roxb.* 


By SURESH PRASAD SEN and JAGAT NARAYAN TAYAL 


erminalia balerica, Roxb., is indigenous to this 

country. It is commonly known as Bahera. 
It belongs to the Combretaceae family and grows 
throughout India. Many medicinal properties have 
been attributed to it in the Indian indigenous system 
of medicine. It is said to be astringent, laxative, 
and useful in scorpion sting, diseases of the liver 
and gastrointestinal tract (1). The kernel is be- 
lieved to possess narcotic properties. 

Kirtikar and Basu (2) have mentioned the pres- 
ence of a yellow fixed oil in the drug, which is re- 
ported to be useful in rheumatism. The oil from 
its seeds has been examined for its constants by 
Shrikhande and Godbole (3). A preliminary re- 
port on the pharmacological actions of the crude 
fractions of the drug by Chakravarty and Tayal 
(4) suggested valuable therapeutic possibilities of 
the active components. 

The drug was collected locally and identified by 
examination of its morphological characteristics. 
The fresh drug (entire fruit) was powdered in No. 
60 powder and used in all experiments. 


EXPERIMENTAL 


The drug was exhausted with boiling 
alcohol (95% v/v). The extracted portion was 
evaporated to dryness, yielding a dark greenish 
semisolid mass which was extracted several times 
with petroleum ether and separated into petroleum 
ether soluble and petroleum ether insoluble frac- 
tions. 

Petroleum Ether Soluble Fraction.—This was 
filtered and freed from the solvent. A green fixed 
oil was obtained which gave the following constants 


* Received mag A hg 1951, from the Central Drugs Lab- 
oratory, Calcutta, I 


Mean molecular weight of the mixed 
acids 


Petroleum Ether Insoluble Fraction.—This frac- 
tion was treated with lead subacetate to precipitate 
tannins. The precipitate of lead tannate was 
termed fraction A, and the filtrate after removal of 
lead was designated fraction B. 

Fraction A.—This was treated successively with 
cold and hot alcohols as well as acetic acid. The 
following fractions were separated. 

(a) The alcoholic washings on evaporation 
yielded a resinous residue. This was found insoluble 
in ether and ethyl acetate, but soluble in chloroform. 
The chloroform extract on evaporation yielded a 
yellow precipitate with a pleasant odor. 

(b) The acetic acid soluble fraction was exam- 
ined and identified as a saponin. On hydrolysis it 
yielded glucose. 

(c) The portion which remained insoluble in 
alcohol and acetic acid was pure tannin. 

Fraction B.—Fraction B was treated with ethyl 
ether. The ethereal extract on evaporation left a 
yellow amorphous residue, which was readily soluble 
in water and gave tests for aldehydes. By repeated 
fractionation with ethyl ether, three different frac- 

tions (all glycosidal in nature) were separated. 
mal fractions were amorphous and hygroscopic, 
with melting points ranging from 153° to 163° and 
varying in color from yellowish white to bright yel- 
low 


Residual Alcoholic Portion.—This portion was 
soluble in water. The aqueous solution on concen- 
tration gave dark brown scales of resin yielding 
tests of a polyphenolic glycoside. The quantity of 
resin acids in the sample was estimated to be 5.89%. 


Allahabed, 


ie, J. G., and Godbole, S. N., Proc. 18th Ind. 
Ses. Part iit, Abstracts. 186(1931 
(4) Chakravarty, 'M. and Tayal, J. N., Science and 
Culture, 13, 122(1947). 


CORRECTION 
In the article entitled, “The Colorimetric Determination of the Antihistaminic Drug N'-p-Methoxy 
Benzyl-N'-2-Pyridyl-N'-Dimethyl Ethylene Diamine (Neohetramine),” by Milton Feldstein and 
Niels C. Klendshoj, [Tus Journat, 40, 370-372 (August, 1951)] make the following corrections: 


In the title, change the word “Pyridyl” to read “Pyrimidyl.” 


In the second line of the right-hand 


column, page 370, change the word “ pyridyl" to read “ pyrimidyl.” 


.... 
é Saponification value of the oil.......... 185.85 
| 
on examination: 
REFERENCES 
Iodine value (pyridine bromide method) 75.82 Art Press, Calcutta, 1033p 
Percentage of mixed acids............. 54.25 (2) Kirtikar, K. R., and Basu, B. aa 
Iodine value of the mixed acids........ 71.5 
| 
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Book Reviews 


Pharmacopée Francaise. (Codex Medicamentarius 
Gallicus.) 7th ed. Edited under the direction 
of the Commission Permanente du Codex par L’ 
Ordre National des Pharmaciens, Paris, 1949. 
xvi+ 1227pp. 16x24.3cm 
The seventh edition of the French Pharmacopeia 

(French Codex 1949), which became available in 

1951, is the first revision of this book of standards 

since 1937. This long delay in a period of rapid ther- 

apeutic change was caused by the 1939-1945 foreign 
occupation and post-liberation recovery. 

A supplement issued in 1947 added 10 new medic- 
inals to the Codex, and 11 more were added in 1949. 
Forty-seven new monographs are added in this 
edition. The new drugs are: acetylcholine chloride, 
aminoacetic acid, amphetamine sulfate, ascorbic 
acid, benzyl benzoate (pure and technical), benzyl- 
penicillin sodium and potassium, butyl aminobenz- 
cate, calciferol, cetyl alcohol, chloralose, choline 
chloride, cinchophen, D.D.T. (technical), desoxy- 
corticosterone acetate, diacetyldiphenolisatin, di- 
bucaine hydrochloride, p-dichlorobenzene, dihydro- 
streptomycin sulfate, diiodotyrosine, diphenyl- 
hydantoin and the sodium salt, dried citrated nor- 
mal human plasma, estradiol, hexanestrol, hexo- 
barbital, histamine hydrochloride, histidine hydro- 
chloride, homatropine hydrobromide, hordenine 
sulfate, menadione, mercurescein sodium (mer- 
bromin), methylacetylcholine chloride, nicotinic 
amide, nikethamide, pentamethylenetetrazol, pen- 
thiobarbital sodium (thiopental sodium), pethidine 
hydrochloride, phenothiazine, stilbestrol, sulfadi- 
azine, sulfaguanidine, sulfamerazine, sulfanilamide, 
sulfapyridine, sulfathiazole, testosterone acetate and 
propionate, thiamine hydrochloride, and thioars- 
phenamine. Standards are included for surgical 
sutures. 

Aureomycin, terramycin, and other new anti- 
biotics that are widely used in the United States 
are not found in this edition of the Codex. Many 
new drugs such as mepacrine (quinacrine), chloro- 
quine, p-aminosalicylic acid, khellin, dicoumarol, 
heparin, and others, representing many new de- 
velopments in therapeutic procedures, are included 
in a table which gives the common and scientific 
names of these drugs, but monographs for many of 
these important drugs are missing. The Codex of 
1937 recognized the crystalline glycoside (digitoxin) 
from D. purpurea. This is still the only cardiotonic 
glycoside in the 1949 edition. No antihistaminic 
drugs are included. 

A large number of crude drugs are retained in this 
edition although the beautiful pictures have been 
omitted. In many cases the drugs are used in galeni- 
cals but in some cases no use is indicated. The 
cumbersome size of the 1937 edition of the Codex has 
been cut down considerably and elimination of 
more crude drugs could have helped in that respect. 

The monographs of many drugs contain informa- 
tion that is helpful to the pharmacist. The pharma- 


ceutical use of drugs is indicated. The classification 
of drugs according to the official poison tables is 
given. Penthiobarbital sodium and phenobarbital 
are classified as: DANGEROUS—Table C. Co- 
deine as: TOXIC—Table A. Opium and Cocaine 
as: STUPEFIANT (NARCOTIC)—Table B. 
These tables were included in a separate volume of 
the 1937 edition, along with legal regulations, tabu- 
lated data on drugs and drug products that had ap- 
peared in the Codex since 1818, and even sample 
labels for veterinary products, solutions for injec- 
tion, and dangerous drugs were given. Most of this 
information is omitted from the 1949 edition, in- 
cluding the poison tables. 

Drugs and preparations that are intended for 
veterinary use have this indicated in the mono- 
graphs. A six-page section is devoted to phyto- 
pharmaceutic preparations or plant pesticides and 
sprays. 

Incompatibilities are given for some drugs. Under 
sodium salicylate incompatibilities are given as: 
acid solutions; antipyrine (a mixture of sodium 
salicylate and antipyrine becomes syrupy after 
several hours and gives an alkaline reaction). 

Dosage tables are given for adults and for chil- 
dren. The table for adults gives the mode of admin- 
istration, the single usual and maximum doses, and 
the daily usual and maximum doses. The table for 
children gives the mode of administration, the daily 
dose for infants up to thirty months and for children 
from thirty months to fifteen years. 

A monograph on aerosol medicaments is included 
in this new edititon of the French Codex. An inter- 
esting innovation is the identification of the indi- 
vidual responsible for each monograph by placing his 
initials at the end. It is pleasant to contemplate 
the artistic French in their scientific treatise. The 
first monograph in this edition, as in the preceding 
edition of the French Codex, is on absinthe. The 
description of the plant ends with the statement that 
the leaves and tops have a very strong and special 
odor, an aromatic bitter flavor. 

The 1949 French Codex is a worthy and useful 
addition to the new pharmacopeias. The newer 
drugs that are mentioned but not described in this 
edition will undoubtedly appear in interim supple- 
ments. 


Marine Products of Commerce. 2nd ed. By Don- 
ALD K. TressLer and James McW. Lemon. 
Reinhold Publishing Corporation, New York, 
1951. xiii + 782 pp. ImMlustrated. 16 x 23.8 
em. Price $18. 


This book, written by two authorities on foods 
and fisheries with the aid of 14 experts in special- 
ized lines, is a complete treatise dealing with com- 
mercially important products of the sea. Descrip- 
tive information covers products of the oceans, the 
technique of obtaining them, and their subsequent 
treatment in processing. 
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Essential information not readily available else- 
where on manufacturing processes; process ma- 
chinery; the equipment used for the transportation 
of fresh and frozen fishery products; methods of 
rapid freezing; and important technological devel- 
opments in feed for animals extracted from seaweed, 
moss, and alginates are presented. 

Since publication of the original edition 27 years 
ago, progress in the technology of marine products 
has been so rapid that the new edition was entirely 
rewritten and expanded. It presents considerations 
of the world’s agar industry; the first attempted sta- 
tistical survey of the world’s fisheries and shell- 
fisheries and their many products; and serves as a 
source of information on the technology of fish glue 
manufacture. It presents what appears to be an 
excellent outline of useful information on oceanog- 
raphy, chemical technology, marine botany and 
biology, conchology, ichthyology, the marine fish- 
eries, fishery technology, statistics, nutrition, fishery 
by-products, shell-fisheries, whaling, sealing, sponge 
fishing, and gemology. 

The book is documented with references to many 
specialized treatises on the several subjects covered. 
Its usefulness is enhanced by an excellent index. 


Maize in the Great Herbals. By Joun J. Finan. 
The Chronica Botanica Co., Waltham, Mass.; 
Stechert-Hafner, Inc., New York, 1951. xiv + 43 
pp. Illustrated. 17.5x 25.5cm. Price $3. 


This newest product of the Chronica Botanica 
Company follows the line that has become charac- 
teristic of its publication policy. This policy includes 
the illumination of scientific problems and/or de- 
velopment by tracing their progress in art and 
philosophy, as well as in science proper. 

How this tendency has expressed itself in the book- 
let under consideration, and how the correlation of 
botanical knowledge and research with the helpful 
endeavor of an art historian and experts on medieval 
Latin and Spanish history has werked in this schol- 
arly master thesis of a Pioneer Hi-Bred Corn Com- 
pany Fellow in Washington University has been 
delightfully told in the foreword by Edgar Ander- 
son, the well-known botanist and geneticist at 
Washington University and the Missouri Botanical 
Garden. It is understood that this making of 
“unum ex pluribus,” leading not only to an effective 
and reliable story but even to new conclusions, 
called for tact, taste, and careful consideration by 
the author, J. J. Finan, and the teachers of the vari- 
ous faculties who helped and guided him. 

The new conclusions referred to have resulted in 
the certainty “that two general types of maize are 
discussed in the herbals,” one similar to the typical 
flints of eastern North America and believed by most 
of the herbalists to have been brought into Europe 
from Asia, and another much like the present-day 
corn of the Caribbean area and very likely intro- 
duced into Europe by the early Hispanic explorers. 

The use of herbal illustrations as a means of re- 
search rather than for decorative purposes being one 
of the most remarkable features of this essay, it is 
but appropriate that a brief but pertinent explan- 
ation of “‘the woodcuts of the great herbals’’ (Ap- 
pendix I) is added. The essay appeared first in the 
Annals of the Missouri Botanical Garden, 35, 149 
(1948). This hand-bound, limited, and very attrac- 
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tive edition was designed by the meritorious editor 
of Chronica Botanica, Dr. Frans Verdoorn. 

It might be of interest to those especially inter- 
ested in pharmaco-botany that similar attempts at 
following up the history of medicinal plants by 
methodically examining the herbals and books on 
drugs from antiquity up to the late eighteenth cen- 
tury have been going on for quite a while. As a mat- 
ter of fact, the herbals themselves refer again and 
again to the concepts of earlier authors. 

A study by Hedwig Schwarz resembling that of 
Finan in the use of plant illustrations as a means of 
research (and dealing with Chelidonium majus and 
Paeonia peregrina Mill.—/Paeonia officinalis L.) was 
published in 1931 by the Gesellschaft fiir Geschichte 
der Pharmazie. From 1930 to 1937 there were pre- 
sented at the University of Basel a number of Doc- 
tor’s theses as contributions to the history of official 
drugs (“‘Beitrgége sur Geschichte der Offizinellen Dro- 
gen”), prepared under the guidance of Professor 
Heinrich Zérnig (and partly with the advice of Pro- 
fessor J. A. Hafliger), which had the examination 
of the herbals and books on herbs through the ages 
as their basis. 

In most recent time pharmaceutico-botanical 
research, including the historical tracing of origins, 
has been paid much attention in the German phar- 
maceutical press. Permanent rubrics have been 
devoted to it in Die Pharmazie, founded in 1946, 
and in the Arzneimittel-Forschung, founded in 
1951.—GEorGE URDANG. 


The Enzymes—Chemistry and Mechanism of Action. 
Vol. 1, Part 2, Edited by James B. SumNeErR and 
Kart MyrpAck. Academic Press, Inc., New 
York, 1951. x + 637 pp. 16x 23.5cm. Price 
$12.80. 


This book continues with the plan of Volume I, 
Part 1, by taking up specific groups of enzymes, the 
first part of Volume I having dealt largely with gen- 
eral properties of enzymes. This book covers 24 
different types, including such well-known groups 
as proteolytic enzymes, urease, phosphorylases, 
and some of the less familiar ones as thiaminase, 
cellulases, penicillinase and histidase. There is 
also a more general chapter entitled “Enzymes as 
Essential Components of Bacterial and Animal 
Toxins,” by E. A. Zeller. 

The high quality found in Volume I, Part 1, is 
maintained in this book, with the chapters being 
written by men well qualified by experience in their 
subjects. All sections are thoroughly referenced. 
The pages are numbered consecutively with Volume 
I, Part 1, and the index includes both parts of Vol- 
ume I, 

The practice of introducing each chapter by giv- 
ing the reader some insight into the occurrence, 
historical development, and significance of each 
group of enzymes is commendable. Many tables 
are used to summarize pertinent data cited, and 
many graphs are included to depict pH effects, re- 
action kinetics, and inhibitor effects. Of special 
value is the inclusion by the authors of methods of 
assay and measurement of activities along with some 
criticism, usually of the methods. 

This book is a significant contribution to the 
literature on enzymes, and it is hoped that future 
volumes will meet the high standards set by Volume 
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Preparation of Organic Intermediates. By Davin 
ALLEN Surrtey. John Wiley and Sons, Inc., 
New York, 1951. x + 328 pp. 15.5 x 23.5 cm. 
Price $6. 

There are many useful organic compounds em- 
ployed as intermediates in synthesizing other com- 
pounds which are either not available commercially 
or are inordinately expensive. Directions for the 
preparation of many of these chemicals are included 
in Organic Syntheses, but some are not described 
therein. 

This book is designed to provide the synthetic 
organic chemist with specific preparative directions 
for approximately 500 organic compounds for which 
methods are not included in Organic Syntheses. In 
addition to this criterion for the inclusion of a 
method of preparation in this book, the structure 
of the compound must be relatively simple and must 
contain reactive functional groups that make it use- 
ful as an intermediate. 

The author has been careful to include only syn- 
thetic methods involving the use of starting material 
either readily available commercially or readily 
prepared from directions published in Organic Syn- 
theses or in another place in the present volume. 
Many compounds of special interest to pharmaceu- 
tical chemists engaged in synthetic medicinal 
chemistry research are included. Methods for 
so many compounds of this type may have been in- 
fluenced by the author's interest in research on the 
chemotherapy of tuberculosis and in heterocyclic 
compounds, 

The book is provided with a molecular formula 
index, a type of reaction index, and a general index, 
all three of which contribute to the usefulness of 
the book. Reference to the original source of each 
method of preparation is, of course, included in each 
monograph. 


JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 


Vol. XL, No. 9 


Organic Reactions. Vol. VI. Rocer Apams, Edi- 
tor-in-Chief. John Wiley and Sons, Inc., New 
York, 1951. viii + 517 pp. 15.5 x 23.5 cm. 
Price $8. 

Started in 1942, this represents the sixth volume 
of a series designed to provide a compilation of all 
the important synthetic chemical reactions. As 
in the previous volumes of the series, each chapter 
has been written by authors who have had actual 
experience with the reactions described and re- 
viewed. 

The design of each chapter in this volume follows 
that established in the first number of the series. 
In general, a discussion of the method, modification, 
examples of applicability, special precautions, a de- 
tailed description of procedure, expected yields, 
and other pertinent data are included. Tables for 
each chapter have been prepared in which com- 
pounds synthesized by or subjected to the reaction 
under discussion are listed. The contents of Volume 
VI include The Stobbe Condensation; The Prepara- 
tion of 3,4-Dihydroisoquinolines by the Bischler- 
Napieralski Reaction; The Pictet-Spengler Syn- 
thesis of Tetrahydroisoquinolines and Related 
Compounds; The Synthesis of Isoquinolines by 
the Pomeranz-Fritsch Reaction; the Oppenauer 
Oxidation; The Synthesis of Phosphonic and 
Phosphinic Acids; The Halogen-Metal Intercon- 
version Reaction with Organolithium Compounds; 
The Preparation of Thiazoles; The Preparation of 
Thiophenes and Tetrahydrothiophenes; and Reduc- 
tions by Lithium Aluminum Hydride. 

Volume VI of Organic Reactions constitutes a 
contribution which, it is believed, will be as enthu- 
siastically received by organic chemists as were its 
predecessors. The editor and the publishers are 
to be congratulated on the vision and judgment exer- 
cised in making this series of books available. 
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Baker provides increased capacity... 
more AMMONIUM SULFATE 


to meet the requirements 
of exacting users 


Our ability to provide measured purity within a narrow range of 

tolerances has continually increased the demand for Baker's Its low heavy metals content 
Ammonium Sulfate, particularly for syringeable products. yf 

To meet the increased demand for this important chemical, the ie canned 
). T. Baker Chemical Co. has enlarged its capacity with expanded festeiees of Menges 
production facilities. An additional plant with new stainless stecl and antibiotics. 
equipment of the latest design now makes available a more 

abundant supply of Ammonium Sulfate of extreme purity—assay 

99.5% minimum (NH,),SO,—low in heavy metals content—of 

controlled pH—with low chloride content—factors of particular 

importance to manufacturers of biologicals and antibiotics. 

When it is essential to keep heavy metals at a very minimum— N H,).S O, 
when measured purity and constant uniformity mean less produc- 

tion dificulty—when your good name and the reputation of your 


product depend on your choice of vital ingredients—specify Ss PECIFI Cc AT ! ° N s 


Baker's Ammonium Sulfate. 
Beker’s years of “know how and Ba! ver's added manufacturing F. W. 132.146 
facilities enable us to give service to additional manufacturers 
who require quality Ammonium Sulfate. . oe 


For further information and ples of-A ium Sulfate or 
any of the long list of Fine Chemicals Baker has available, write 
Fine Chemical Division, J. T. Baker Chemical Co., Phillipsburg, 
New Jersey. 


Test Baker and COMPARE! 


Baker Chemicals 
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Residue After Ignition . . . . . OOIS% 
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Bottles used for preparation, storage or 
shipment of pharmaceuticals and anti- 
biotics can be an expensive item if they 
break easily, are attacked by contents 
or cannot withstand repeated steriliza- 
tion. That is why it will pay you to 
standardize on tough, durable PYREX 
Brand Bottles. 

Made from glass No. 7740, PYREX 
Brand Bottles are unusually resistant to 


physical and thermal shock. Repeated 


sterilization is possible. Chemically 


CORNING GLASS WORKS 


inert and resistant to chemical attack, 
there is no danger of product loss or 
contamination through change in pH. 
Long service life is assured. 

Especially designed for pharmaceuti 
cal operations, PYREX Brand Bottles 
are available in standard sizes ranging 
from 60 ml to 12 gallons. Bottles can be 
made for special purposes such as in- 
travenous preparations. Let us know 
your requirements. Your inquiries will 


be promptly handled 


CORNING, N. Y. 


Corning meand research in 


1851 + 100 Years of Making Glass Better and More Useful «+ 1951 


| 
Standardize On PYREX Brand Bottles 
pay OF 
FOR LONGER SERVICE LIFE 


